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RABY I R EZ A E4ST  HiEBE R 2 (principal component analysis; PCA) $ 4% VA & 2 Bl 4h %
EREHFE BN FECETR  Ad BRAEZ HEAMEWH T oI LFAIH aEMmELt
(BB AP~ 0~ AR 42 A 45 45 4B AR AR 4K 4B 4R 85 Be o BB AR 4K AR 45 A )0 R
AL TE (48 4 4 ARIBFHFBR T E (4547 48 B B - B RIAT  ABE— L EX R A L EX
HIESBIREREGE X ENBR K MHALEEY PCARMALEFE N B o RERBRAME T
% (1) #8 A FARAH BT E (TW) « 48 TR Rpa s T (TF) » PP % (A) waREdE a5 3] @47

PCA R - & RFaT > IR TF ¥dfmsh - A3 MUB AL PCA REEARE> B S X ERBIIRE -
AUFRZ BN IR LI 4 BT H AL R R b B & & AT B RAEA 2 TR S5 FIRIE -

RAREE LRGSR - EERENR - RO -

=

BY
M2 10 7 BB ARV AR Z 5%
% LIRS 2 Te R R & B U HE 48
(Marcos et al. 1998; Fernandez-Céceres et al. 2001;
Moreda-Pifieiro et al. 2001; Moreda-Pifieiro et al.
2003; Karak & Bhagat 2010) ° i3 &2 K A 1E Y 54
HITTEZRKER 18 ML ENTEREEE
EARPE - HEHERERE AR - Rh - SHERSTRIL -
— &+ EERE R R R R U SO A AR
R ETEReRE L - Wit YR FHITE
& BRHEE TR BRI EY AR Z (R -
fEAG PRV TR RE ] 73 B REITE (mac-
ronutrient elements) iz T2 (trace elements)
(Briskin 2010) - R EITER SHEVIEEHY 90% Ll L
(Atkinson 1986) » 1% (C) ~ #5 (Ca) ~ & (H) »

[l

#1(K) ~ $5 (Mg) ~ & (N) ~ & (O) ~ HE (P)
IR (S) % - RETLRMIFRERKE R 15 f
WH -~ O JfF L ERE REYR AT KD F
C HFRANZER T S LR EIEHT
6 EAEEA N S Ca~K~Mg N~P~SJFET
AR B > TR SRR - AR TR A YIRS
N e MBS > ME TR SHEYIRERY 0.01% LA
T AMETETEYBEFEEE > HXE
TEVIR R PRI ZET E (Mortvedt 2000) © (]
RS 2 M ETTE R AKE R TR EE - Frll
IATEYIR B E T R A B R WAEYIFT
ROVEESEL L HE 5 - Gl - GERE RN+
BEPHE S (Cr) ~ $7 (Ni) » NILIE R & e
B2 Cr~ Ni & B G EH MRS (Liv et al.
2007) - Junba et al. (1995) ¥R IEMNE ou g3
LAY (Cu) Bl (Se) Y& & B 115
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RS A & E R - R E S Cu
Se R/ B BHE AR -

B AR FER A EEE © R IE
EENREG AN EY R - KL RIFER
ARFHAE B e —E RS - BAENR
A R R ST AT e A BT A B A
HES R R ER TR ENREE
A ELERHE 9T (chemometrics) DA
Hl] (Marcos et al. 1998; Fernandez-Céceres et al.
2001; Moreda-Pifeiro et al. 2001; Moreda-
Pifieiro et al. 2003; Karak & Bhagat 2010)
BiI40 - Marcos et al. (1998) 7377 H # 1L ~
HrE R~ B HIE - A FEMN DAk 2
ERFZFEZ TR B (A~ #H (Ba) ~ §5
(Ca) ~ #% (Cd) ~ §f (Co) ~ #& (Cr) ~ §i (Cs)
#i (Cu) ~ § (Fe) ~ 7k (Hg) ~ # (La) ~ # (Li)
5 (Mg) ~ & (Mn) ~$ (Nd) ~ & (Ni) ~§5 (Pb)
5% (Po) ~ #fl (Rb) ~ i (Se) ~ # (Sn) ~ # (Sr)
$K(Ti) ~ 911 (V) ~ §¥ (Zn) FIE (Zr) (VEE
48 F R4y 43 M1 (principal components analysis;
PCA) 1% W& 7 HIEMAREE ~ JEPEZEEE ~ o
B EE ~ RAIFTE R & R LRI R EE 5 (5T
g HEBEZE I LE R Al Ca~ Fe~ Mg
FeMn 5 BT RBERBER AR - KNSR
SR REEERSEE K L8 ks E
JEALHY LIEH P Al - Fe ~ Mn 22 &R » M
Ca~ Mg & &9 {F{& (Kimpf et al. 2000) - F
% Pilgrim et al. (2010) Y& ~ HIE -~ Hf
HERREE 4 [l ENEE > SR ERm
$ (Ba) ~ $1 (Bi) ~ 8 (Cd) ~ i (Ce) ~ § (Co) »
& (Cr) ~ 3 (Cs) ~ #d (Cu) ~ $F (Eu) ~ §% (Ga) »
i (La) ~ J& (Nb) ~ #& (Ni) ~ #5 (Pb) ~ #% (Pr)
B (Rb) ~ #1f (Sr) ~ #K (Ti) ~ #& (T1) ~ $2 (Y) 2A
Fehig (C) ~ & (H) FEfr & » WA A R o
(linear discriminant analysis; LDA) 4& 2 7] [&
THREBIGE - I AT E R R 3 BEEM -

AT B & A 5E B R REE E i e
EM P T E R LB T > BASE
L& A BB R E B R Y U7 A R AR
B MAREZRME —EZEANABEY -
FHif (Camellia sinensis) 5y & /& HZHIEORE

) > BEECREE R RS > A

rere

]

70 % 541

SR BRELREZHER - WATILHE
EXRREIWTTE T > FER R EEEET B TR
EEITR (%) ZERLR YRR - 13
EHEE TR EAGET T ARG A IR 2
HIFE - Wit - AR BRAITREE R ZARTER
Bl E TR - BUEREUT R KRR o
ZR1E PCA pr B A A 14 - HARE DL 9120 5l i
ZEEBRIR o 1 Fo % ST P AE L At e 2 o 5 1
ZEEZHRE -

MFE T A
REGFRE

AR EEY 2 MR ELE &8
ERIFGEE GNERE)  AEE 12 @A
JEEEAE 8 (8 FELE IR I 2 BB E
ATUCHD - &R EE 12 [ 2011-2012 4R
P LG S SPA SR
6 (EHEABLE LM &% 20 NEE
LE - BRE2E) EAMEL4E (IRSE
B CEM2E (BERSRES 1) -
AN EE SRS 8 (8 > B AP EmA 3 (E (S5
2 (B RALZE 1 {B)  HRRE | 8 GRER M) -
FE TG ES 1 B (AI55) - IR 1 H GREZT 5658 -
HFEHR 2 (8 (407 - BN S
BIUEF 5 » RIS A R 1E A B E T 7
85 b AR O R b R
TTERDH

R T REARE TS A
SHE () BERTTE > BEE (Ag) ~ Bl (As) -
B (B) ~ $ (Ba) ~ # (Cd) ~ $i (Ce) ~ &5 (Co) ~
£ (Cr) ~ $ (Cs) ~ § (Cu) ~ £ (Ga) ~ ## (Ge) ~
$H (Mo) ~ § (Ni) ~ £ (Pb) ~ #1 (Rb) ~ i (Se) -
#8 (Sr) ~ 3k (T) ~ #1 (V) ~ 8 (W) ~ §¥ (Zn) ~
g (Zr) . —fTiE > METEERYROE
8/ B ARRINEERE  STERHR
B TE RN H IR - (2) B T
Z 0 ES (AD) - @ (Fe) ~ $F (Mn) - {£ -+
H5 AL~ Fe ~ Mn (B %) B + 08 (1 72 i fs
(Kampf ef al. 2000) ; A (LT R 2 15
Al~Fe Mn G/EME RIS - F—EFAE
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(]34 & A A O 2 B E (E T &R
1B 0] 8 BRI J AL A2 R A 52 45 B &5 AL ARG T AL
Fe-Mn & &% 8 K [KI > Al>Fe~Mn 2
FALF BUT 2R E T E - FIRER B
Z#EE - (3) BB EUTER - BiEES (Ca) ~ #F
(K) > # (Mg) ~ B (P)~ B (S) - BEITTER
R ERZTR > TREETHRETE -
BREEMR AT REARE » JI
Ca>K~Mg-P-SEERFEITENERT]
[ AEREAG o

FREEREAREREE 4R S5k 1% DA IS 3 T 6 e ol 4
1 HERELF (RHD602, RISEN, Taichung,
Taiwan) DL 70°CHERZ 12 h = Z 12 FEHT 0.25 g Y
B EBBHT - A S mL AR EE K
0.5 mL #Y L& 2 HLE - TR 25 5L
Z.4% (Microwave Extraction System, MARS 6
Extraction, CEM, Matthews, NC, USA) Ik
£ 200°C » 4£FF 10 min « EE R ZE 100 mL FF2A
Whatman 42 38 S8 - SRR - 43t
B LRV FE RS & BB AR IR 1 3 4 O EE 0 i & (In-
ductively Coupled Plasma-Optical Emission
Spectroscopy; ICP-OES; Jobin Yvon ULTIMA
2C, HORIBA, Kyoto, Japan) JHIE JER} Rz Bl B4
Bot#E - KUARIERGEHE L (Inductive-
ly Coupled Plasma-Mass Spectroscopy; ICP-
MS; 7500 ICP-MS, Agilent, Santa Clara, CA,
USA) HIEMETTE °

FEEEREAR o3 b7 [ 055 DA 22 13 5 B S R S O
o - FESEAR fL A AV E TR VAR RI T
EREEE o ESRFERIL mg kg FoR
URE KA % £ - 2/0F 10 EEEmER
T —EEEE ST - & BEE D TERRR
5% > BB mZ AT -

ERDDHT (PCA)

PCA T T RAE SIS E £ 1 B — I
G A EL T S B S A DU
S T (L SRR BB - ML - e
TR TR S E 2B RERE Bl
BB R — el (R BE D) - EER
BEGR EhEE > RS BNV B A KA
BRE > EFEHVBUER - EHIHEJT AR

B2 fRAEh > PSR 3 - 4 5 RIS > H A
MEEH  FENBENHMNERAGES -

HUE R (R R B R B W R
BUE - BEA s R EUE Y Bl an fa B E Ry
— (PC1) 5 55 2 RFFEEREAVH B TR D =
(PC2) - DUBLIAHE - BRHERAE £ 5o T 15 2y
Kuho gt ] & (loading) » 78 &y B
B il oy BV AH B R B BREEREVAE E R YA
W EEA - AREH L ERTHIZETME -

AHEFEE R SPSS 19.0 hiEAS ET PCA »
R B A E R AR > #5EE (score) HIf
& LB R T AR EL R o SERARRRAIT ¢ (1)
{58/ E o3 34 ol B R Sn R il oy B A
WAHE AR - fF Ryl oy A » (2) £ 34T
BEZEHURE b Z [ Y 3L [F 7 (communality) > 7
BURARIE & R B ERRECZ B G > R R
T BEESETREATAE - Q) RERE
BRI Sy O AERE (R EBOR V)N > LR B & RN
ZEEUH E R T A EROR > R R
oIS BT E - 2 o B R R B
BN > AR By Y S BT )N - (4)
ERI AT ERBR O REEEEATE
R ERRUE R TR ERERERTE
BER oy B K 2% R 12

LR

TTRSERNHE
EITR

H2l EMETEREESTERER 58
FRERSA RN & 80 BRBYNRENS - &
BTN SRS BRI E L 0.566-0.723 mg kg
(& 1A) > SFH{E K 0.627 mg kg 5 BLE{ERHAEY
ANESEEE g4 B0 1.083 mg kg o ZAT PE%E
TSk A BB B 0.522-1.957 mg kg E4yEE
BERERERE - I GEFRENRS 2HE
5 0.018-0.043 mg kg ([& 1B) » 55 5 0.028
mg kg™ o oA 5 75 HE R 2 e e B E FE AR
fiff & B A R 0.05 mg kg o B2 FE AR ASEE
ELEE R & EA N B R E  @En
4350 B 0.019 mg kg™ & 0.032 mg kg™ -
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Fig. 1. Diagrams showing trace-element concentrations of tea samples of each country. (A) Ti; (B) Se; (C) Cs; (D) Ga;
(E) Sr; (F) Ba; (G) Cr; (H) Ni; and (I) Co. T: Taiwan; C: China; M: Malaysia; V: Vietnam; S: Sri Lanka; andI Indla
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THAENTEREERAEHE EREM
Bx&E (E 1C) - HEFERE S S5 E K
0.265-1.170 mg kg > FH9 &8 5 0.832 mg kg -
H A % Z Y 8 2 E PR -~ 2 SBO1 £
AAb o EREERFL 0.100 mg kg™ > FHE £ 0.071
mg kg < HTELFEF SBO1 A $ & 8 5 0.276
mg kg ©

EARPE AR EEY8E 8 A E RS (B 1D-
1F) « AP A M $E & 8 5 2.990 mg kg
PRENFE BN & B2 2.569 mg kg 4h» &
BREFEFEZEEE/NN 2 mg kg' o B
GHAREESE & B 28.727 mg kg HAMEIR F
HEE 10951 mg kg - (ESHTE > B
MAREHERE_ERRESZE  Silk
50.821 mg kg ~ 43.687 mg kg » HEFEHZE 2
& BN 10 mg kg e

IR ERSE - 88 - $iaERe (B 16-
11) « R ENSE &8 By 0.649 mg kg™ » HfR
B% 2 P& B 47 0.235 mg kg o EIEASEER
BREE Ry 7.866 mg kg HANBI R EENPIIE
E493.069 mg kg o HIE A BN 6 & & Ry 0.632
mg kg HAE % 2 & BHER 0.5 mg kg -

R R T R RN TR G BT e
HHEERT (- IR > S BICTEAEM - 87 - #F - 6%
Bi ~ B B~ B0 55~ #H SR - 8l 85 B
B~ #8580 B Sa BT B SRR
M A5 -

JEA LT

SIS R BN S B Y B R BT R
b~ e EAEEER (B 2) A A& ]
TLE - RIS (8 2A)  BEXEZZENT
55.59-111.83 mg kg™ » F#4 /% 78.87 mg kg ;
BN EE S & B/ A 48.17-121.81 mg kg™
ik 84.50 mg kg 0 BEAEH S BEEN
BUAMNEEE - $5 - SR L EINAEEIR S (E
2B-2C) : BB ERE 2/ 313.28-994.91
mg kg SEH 5 569.01 mg kg 5 BN EEER SR
ESEI359.51-1,302.13 mg kg - &S EEY
SEE B A 308.35-1,314.50 mg kg >
756.28 mg kg™ BISNREENT T & B/ 329.70-
1,626.02 mg kg » ¥ #4 B 912.37 mg kg’ -
It o 7 BAiss ~ 85 - $h2 S ERELLE > B0A
&R & B R SN EE -
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Fig. 2. Diagrams showing weathering-element concentrations of tea samples of each country. (A) Fe; (B) Al; and (C)
Mn. T: Taiwan; C: China; M: Malaysia; V: Vietnam; S: Sri Lanka; and I: India.
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(& 3A) » &EZEES BAYVI9HE R o rsuE oy
A By 0.28% (0.22-0.32%) » EIYN 2 {H £y 0.26%
(0.18-0.43%) - DIHi 1M = (& 3B) » & /& E

B0 4

& B EIE R oy E 5 A Fy 0.21% (0.16—
0.27%) » B 4h 2 {E B 0.23% (0.20-0.26%) °
DsPms (B 3C)  /BXESENFIIEN
5y A5 LB 4T B B 1.74% (1.36-2.15%) > 5 4
ZE B 1.80% (1.25-2.35%) - DL 4% ifi = (&
3D) » BERESENVEIE &Iy A EE 5 Al
B 0.39% (0.31-0.50%) > B4 (B B 0.43%
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Fig. 3. Diagrams showing fertilizer-element concentrations of tea samples of each country. (A) P; (B) S; (C) K; (D)
Ca; and (E) Mg. T: Taiwan; C: China; M: Malaysia; V: Vietnam; S: Sri Lanka; and I: India.
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(0.29-0.54%) - LI = (B 3E) » &K
& BN E R o A EE 5y 7 Ry 0.22% (0.17-
0.28%) » B4 (BB 0.19% (0.16-0.21%) - £
AR EUT R & B R L AR
BB S AL -

& Lpral > DLERIZ &R ms 0 BAT
fHE—HTEEERE A ERERMEHE 8%
EEART IR EE o
EMD DT

Kb D ETE (T) ~ METEMER
{EFEUTE (TW) ~ ETEMEREETER
(TF) ~ FTA T E (A) FIUFEHE 4 #TT PCA
SYHT e
R ICR B (T)

AYBELRE 23 TR EBFERRE
PCA FrfT&E SR EUR (R 1) > £ T-PCA LU HY

®1. BROESIEERSE -

Table 1. Amount of variance of each principal component.

Eigenvalues
Amount of variance ~ Cumulative
Component Total (%) (%)
T-PC1 5.61 24.40 24.40
T-PC2 4.39 19.07 43.48
T-PC3 3.07 13.36 56.84
T-PC4 2.34 10.18 67.02
T-PC5 2.04 8.86 75.87
TF-PC1 5.90 21.07 21.07
TF-PC2 4.57 16.33 37.40
TF-PC3 422 15.06 52.45
TF-PC4 291 10.40 62.85
TF-PC5 2.28 8.16 71.01
TW-PC1 6.19 23.80 23.80
TW-PC2 4.68 18.00 41.80
TW-PC3 3.89 14.97 56.77
TW-PC4 2.61 10.05 66.82
TW-PC5 2.06 7.92 74.74
A-PCl 6.38 20.59 20.59
A-PC2 5.39 17.40 37.99
A-PC3 4.62 14.89 52.88
A-PC4 3.14 10.13 63.01
A-PC5 2.36 7.62 70.63

BT RE AR PR 8 BB BRI 10% - BE B FE
i/ #EEHL T-PC1 2 T-PC4 - T-PC1 1Y
TR EOR R - R~ Bk LRG> MEEREE
F5 24.40% 5 T-PC2 1y £ R0 Al ~ 8~ 85
Fo il > fRREEE RS K 19.07% 5 T-PC3 (Y = %
R het® - SRR H > fRREE R E K 13.36% ;
T-PC4 1) X R OB H Rl > MRS R E &
10.18% -

i T-PC1 ~ T-PC2 ~ T-PC3 & T-PC4 % ik
Sy R BE R B LLE R > T-PC1 %} T-PC4 2 AF
B FE AR I o7 2 VB A BB A A B (1] 4) 0 4R
fil FE % o fy 34.58% - B ACEE T-PCL 1915
BE 4y AR By -1.234-0.702 » BN ZEEE B -0.469—
2.941 ; BEZE T-PC4 HY5BE A0 By -0.231-
1.628 » B4 ZE B B -2.006-0.197 ([& 4) « fi%
T-PC1 X ERHEINE > HEHERK/NMRF
Rk~ o~ 81 - BREE (R 1) - BRI ELR
T-PC1 YRS+ Ry fal - BR T W RSN » E
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Preliminary Study of Differentiating Imported Tea
from Taiwan Tea by Elemental Characteristics

Cheng-Hsiang Tsai', Tsung-Ren Peng’, Tsang-Sen Liu>", Yu-Wen Lin*, and Wen-Jun Zhan’

Abstract

Tsai, C. H., T. R. Peng, T. S. Liu, Y. W. Lin, and W. J. Zhan. 2021. Preliminary study of
differentiating imported tea from Taiwan tea by elemental characteristics. J. Taiwan Agric.
Res. 70(4):231-242.

This study analyzed the amounts of various elements of tea samples and applied principal com-
ponent analysis (PCA) to process the elemental data to differentiate imported tea from Taiwan tea.
The imported samples included tea made from China, Vietnam, Malaysia, India, and Sri Lanka, and
the analyzed elements were classified into trace elements (Ag, As, B, Ba, Cd, Ce, Co, Cr, Cs, Cu, Ga,
Ge, Mo, Ni, Pb, Rb, Se, Sr, Ti, V, W, Zn, and Zr), weathering elements (Al, Fe, and Mn), and fertilizer
elements (Ca, K, Mg, P, and S). Our results showed that no single element could be used as an index
to distinguish imported tea from Taiwan tea; however, PCA analyses showed differences between
domestic and imported tea. Four data sets included trace elements (T), trace elements and weathering
elements (TW), trace elements and fertilizer elements (TF), and all analyzed elements (A) were used
for PCA. The results revealed that, besides TF, the remaining data sets could differentiate imported
tea from Taiwan tea. Data processing experience and the results derived from this study provide an
important reference for subsequent identification of the origin of other agricultural products.

Key words: Elemental concentration, Identify non-Taiwan tea, Principal component analysis (PCA).
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1. 2016 FIEWRmALLEE R -
Table 1. Primary lines trial of Chinese kale in 2016.

Plant height ~ Canopy  Leaflength Leafwidth ~ Number of Stem diameter Survival rate

Line (cm) (cm) (cm) (cm) leaves (No.) (cm) SPAD? (%)
16-1232 36.4 22.0 14.6 12.3 10.0 15.8 459 75.0
16-1235 314 213 11.5 10.2 7.8 13.9 42.0 25.0
16-1236 40.2 31.3 18.7 17.9 9.0 16.5 54.6 91.7
16-1237 36.4 29.7 13.0 13.0 9.3 14.5 38.5 58.3
16-1238 41.9 373 18.6 16.1 9.7 16.5 52.0 83.3
16-1239 36.9 28.3 14.8 13.0 9.7 15.4 57.3 58.3
16-1240 39.2 21.1 15.2 14.0 10.0 15.9 69.2 66.7
16-1241 38.7 30.8 15.4 16.2 9.3 16.9 55.7 50.0
16-1242 353 314 15.3 13.5 8.5 16.0 55.4 16.7
LSD, 5" 6.2 6.9 2.6 23 1.8 2.8 10.6

Difference” ns " " " ns ns "

Sowing date: June 6, 2016; planting date: June 29, 2016; survey date: August 1, 2016.

Planting location: Fengshan Tropical Horticultural Experiment Branch, Taiwan Agricultural Research Institute, Kaohsiung, Taiwan.
* SPAD: Soil and Plant Analyzer Development.

¥ LSD: least significant difference.

X P

ns, , :the difference was not significant, significant at 0.05 and 0.01 level, respectively.

2. 2018 FFFEE S AR A LG -
Table 2. Advanced cultivar/line trial of Chinese kale in 2018.

Number of Stem
Plant weight Plant height Canopy Leaflength Leaf width leaves diameter
Cultivar/line (2) (cm) (cm) (cm) (cm) (No.) (cm) SPAD”  Fv/Fm
16-1232 39.2 24.8 23.5 14.7 14.6 6.2 11.7 59.4 0.449
‘Chui Chun’ 42.5 23.7 24.3 15.2 12.5 6.5 14.1 65.7 0.432
‘Hei Ge Lan’ 25.1 19.3 24.4 11.8 10.5 5.4 10.8 53.8 0.326
LSD,,s 11.6 1.3 4.3 1.5 1.6 0.5 2.3 1.5 0.100
Difference” - ns ns " ’ ns ’ ns ns

Sowing date: April 30, 2018; planting date: May 21, 2018; survey date: June 8, 2018.

Planting location: Fengshan Tropical Horticultural Experiment Branch, Taiwan Agricultural Research Institute, Kaohsiung, Taiwan.
“ SPAD: Soil and Plant Analyzer Development.

Y LSD: least significant difference.

x P

ns, , :the difference was not significant, significant at 0.05 and 0.01 level, respectively.

3. 2018 FALMHME TFEE RIS

Table 3. Chinese kale regional trial in Shanlin area in 2018.

Plant Plant Number of Stem
weight height Canopy  Leaflength Leaf width leaves diameter Yield
Cultivar/line (2) (cm) (cm) (cm) (cm) (No.) (cm) SPAD* (Mg ha™)
16-1232 35.0 27.4 27.2 15.5 13.2 5.1 10.2 48.6 7.7
‘Chui Chun’ 39.2 29.7 27.9 15.5 11.3 6.0 12.4 54.4 8.6
Difference’ ns ns ns ns ns ns ns : ns

Sowing date: June 19, 2018; planting date: July 9, 2018; survey date: August 2, 2018.
“SPAD: Soil and Plant Analyzer Development.
¥ns, : the difference was not significant, significant at 0.05 level with 30 sample dates using non-pairing #-test analysis.
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8 2019 ERTEE S B ETEEER - 81 4.0°Brix © SEE AT S 5 5.0°Brix
GEEHIF S T MBS A B 1% B 3.6°Brix » 2 (5 T B W S A
KO » (R - B - BIE  SRE  BUEEAE - 16-1232 MREE R, SEEY
A (8 5 R 7 2 B 5% BEE KO » % 1.4-1.6°Brix o 7ERGER{E 77 H » 16-1232 81 T
£ R MR SPAD 2 (AR EEMEEEE - 2, SENEEENRBELS S8 IEE
T ESR IR 5 5.5 M R E R SIS
mmﬁ;ﬁfg’lfiﬁ ey | PH MR
N ET rEs 10- SEE/D ~ LR R =
A RE AR . S /KE R RIT AR
A S TR T, BN I A MR PO LK E 2 RSB AE B AIF 6 T - 2
VIR R - SRS EAIE 6 FIR - 16-1232  SAEA/KE R E 90% L[ B, &K
B R SRR S H S S.6°Brix  EIAYERA 92.6% EEE R 16-1232 7 91.0% -

F 4. 2018 FFHEHIE TR EE S I
Table 4. Chinese kale regional trial in Ligang area in 2018.

Plant Plant Number of Stem
weight height Canopy Leaflength Leaf width leaves diameter Yield
Cultivar/line (g) (cm) (cm) (cm) (cm) (No.) (cm) SPAD* (Mg ha™)
16-1232 31.6 26.7 25.5 15.5 11.8 4.8 10.1 46.8 7.0
‘Chui Chun’ 352 259 20.3 15.3 11.0 5.8 11.6 54.4 7.8
Difference’ ns ns ns ns ns ns ns ’ ns

Sowing date: July 16, 2018; planting date: August 6, 2018; survey date: September 4, 2018.
“ SPAD: Soil and Plant Analyzer Development.
¥ns, ": the difference was not significant, significant at 0.05 level with 30 sample dates using non-pairing #-test analysis.

F 5. 2019 FFAEHEM TR B -
Table 5. Chinese kale regional trial in Hualien area in 2019.

Plant Plant Number of Stem
weight height Canopy Leaflength Leaf width leaves diameter Yield
Cultivar/line (2) (cm) (cm) (cm) (cm) (No.) (cm) SPAD* (Mg ha™)
16-1232 21.3 27.4 20.6 15.9 10.1 35 8.9 37.1 4.7
‘Chui Chun’ 352 31.8 249 15.2 11.8 3.8 11.0 39.7 7.7
Difference’ ’ : ’ ns - ns : ns :

Sowing date: June 10, 2019; planting date: June 13, 2019; survey date: July 15, 2019.
“SPAD: Soil and Plant Analyzer Development.
ns, ", "": the difference was not significant, significant at 0.05 and 0.01 level with 30 sample dates using non-pairing -test analysis.

6. FPELRWEMEMEZ TAEEYIE E - iE - SKERETE -
Table 6. °Brix, pH, water and juice contents in fresh and heated plants of two Chinese kale cultivars.
Fresh Heated

Water content Juice content
Cultivar °Brix pH °Brix pH (%) (%)
16-1232 5.6+0.1" 5.8+0.1 5.0+02 55+03 91.0+£0.4 57.2+0.1
‘Chui Chun’ 4.0+0.1 5.8+0.2 3.6+0.1 55+0.1 92.6+£0.3 62.0£0.1
Difference” " ns . ns ’ .

“ Mean + stand error, n = 30.
ns, ", " the difference was not significant, significant at 0.05 and 0.01 level, respectively.
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SHE RS EE AR 62.0% tiEE
FEEHN16-1232 Y 57.2% o
WA R A 2

16-1232 81 T3, S HE R RO A
B P RS B I R

B R R - WERE S B R RERE ~ AR - R
PE S ERVEA > SUBREERR 7-8 R - il

FERETTIH > 16-1232 HYEIES & £ 0.130 g 100
mL" > BEEEH F%) 0.104 g 100 mL" 5 16-
1232 MIE S & 85 0.869 g 100 mL™ > i #H
e B 0.712 g 100 mL 5 {H 16-1232
7 BEEE 0.602 g 100 mL™ I8 B34 0.625 ¢
100 mL ™" fiE B 72 55 16-1232 40828 1.601 g
100 mL" By B /9 1.441 g 100 mL!

(RT) - MEMPGEAIEIRITE - 16-1232 #Y

®7. FrEMLETERZ RS E -

B70H 4

RIS R 0.038 g 100 mL"' » BEE[L EEE

0.058 g 100 mL™"{%: 16-1232 & & HE 2 & 0.873
g 100 mL"' BEZ =7 % 0.707 g 100 mL™ ;
16-1232 5ff4 & 0.624 g 100 mL™" FIj B B
0.614 g 100 mL™" 4 86 2 7% # ; 16-1232 44 J&
&8 1.535 ¢ 100 mL™ ff = i EE, 1.379
g 100 mL™ (3% 8) - ffx /2 B Al PR 4 L&
AIRERE > MR ~ AEE R A B W S
CHBREEEER  MEAMEEE 2 BE M
Al =R -

MRl & BN E AR AR - SR - AR
W ~ FRE I KBS R slBads a3 9-10
FIw o SrEEIERR D71 - 16-1232 BRI & &
Ky 3,845 ppm > FREIZE T FEE 4,543 ppm K ;
16-1232 {2 & 0.279 g 100 mL™" 825
vk SLFEY 0.242 ¢ 100 mL” B o R

Table 7. Two sugar content in fresh plants of two Chinese kale cultivars.

Sucrose Glucose Fructose Total sugar
Cultivar (g 100 mL™")
16-1232 0.130 0.869 0.602 1.601
‘Chui Chun’ 0.104 0.712 0.625 1.441
Difference” : - ns :

“ns, ", "": the difference was not significant, significant at 0.05 and 0.01 level with 30 sample dates using non-pairing -test analysis.

x8. FrEMMELIIEVERER SR -

Table 8. Two sugar content in heated plants of two Chinese kale cultivars.

Sucrose Glucose Fructose Total sugar
Cultivar (g 100 mL™)
16-1232 0.038 0.873 0.624 1.535
‘Chui Chun’ 0.058 0.707 0.614 1.379
Difference” : ” ns ”

“ns, ", : the difference was not significant, significant at 0.05 and 0.01 level with 30 sample dates using non-pairing #-test analysis.

9. FPEEN ATk R R E
Table 9. Two nitrate and acid contents in fresh plants of two Chinese kale cultivars.
Nitrate Citric L-malic Shikimic Fumaric
Cultivar (ppm) (2 100 mL™)
16-1232 3,845 0.279 0.377 0.011 0.023
‘Chui Chun’ 4,543 0.242 0.350 0.012 0.020
Difference” - ’ ns ns ns

“ns,, : the difference was not significant, significant at 0.05 and 0.01 level with 30 sample dates using non-pairing #-test analysis.
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Table 10. Two nitrate and acid contents in heated plants of two Chinese kale cultivars.

Ni Citric L-malic Shikimic Fumaric
1trate

Cultivar (ppm) (2 100 mL™)

16-1232 3,848 0.269 0.389 0.015 0.009
‘Chui Chun’ 4,511 0.238 0.376 0.013 0.006
Difference” ” ! ns ns ns

“ns, ", " the difference was not significant, significant at 0.05 and 0.01 level with 30 sample dates using non-pairing ¢-test analysis.

B% ~ FFERE R R I & 25 2 5l 2 [ %
BEER (R9) - KMBGBAIEYE G E - 16-
1232 Bz B0 & & 3,848 ppm MBI L FE
4,511 ppm € : 16-1232 &L 2 5 0.269 g 100
mL" BEE R FE 0.238 g 100 mL & o R
% ~ FFER KSR 2 25 2 S 2 e
ERE (F10) - ABERER 0 16-1232 fitim
S BV RE R iR S BB
R FE  EEREEEEESN e
rafE o R B R R & AT 16-1232 B4 32
) A BEER ) AR - FER T
HERREER 2 miEMEEE =R -

]

TREE R BAEE S > BN R L IRIR R
M RERNERE BEESERBERE
PR~ S IR G R R ] R S AN
5L E (Lin et al. 2010) - NN T %
B EAE S E AT > SR MR % » £
BRI R ~ &OBMEAR ~ MBS A R
AR (Xie ef al. 2008) - S RMET » 1E
YRy Re g s A 8L - EMYINIET £
REZE » FHLEMERZEESEE - DN
RE B A R R B B AR BT A R S 20 > B —71E
b HEN L B EEEANEMES (L
et al. 2007) o DAFVEE Byl > RRAUE TT - BEEHEE
B AR /N EREE AR Wbt Mok
FBbny i > R ASE S EHEEEEAE
K~ FERLERE A BE R R oA B 2 Y L R
o gftmEtE = 2, > TR EE ANt
NI BTER 848 7 R HEIR S (Lin ef al.
2010) - FEh A LbEGRER T - HiEpgE L E TR
FEEE ) BRI 2T AR o KEREE R IR

FeHANI BB 52 - P ERHER S it BAME b 72
Hfat o A HE AR B BER E M B R
BRE N _BeE EGRREHEGERE
o~ WG & B R AAEREMESE - TTHA]
TR AR (Li & Zhang 2008) © £25%
oeE - ERBEIHEHEYNESGEEET
W AN TS 280 A e G o R L T o 22 PR PR
RLEE 4R R & E/YE L ] FH DA E T Y HY it 4
M (Ou & Cao 2008) - Wang et al. (2013) DL T3
SEAT, A1 THAEEE W R [F A Y A
TEEER Rk 43 HIER A SPAD-502 ZE4E it
B 53 S VA I E W {18 A8 7 56 2E 7 7Y SPAD
B~ BGERESE - oM HAHRE M T AH R ]
FrTRE = o SRR TEZE 0 TE 1 7Y SPAD B
PATEGE R o~ LR b HEGR S ENHE
M ¥ Byt B 5 IRt SPAD 58 {E T A 2K HE A
BRZEGEREGE  FREFEZENTIA - ¢
& 1EH (photosynthesis) JZ1H ))& i BifE
BAHAIR G - HEERREER L KE - £
HAth 28 B R i R R R < BRI A o Al FELEE
LR BRI E B R S E E M S RS
T EHIEEAN > ZEPSIEFNESE
AT PR Fv/Fm (Y EL{E > RBE A B 5T & 2L
LR RO E MR I B 2 A AYFERE (Liu 2011)
o R > AWESE o i F Phia e B & e B
E TSR R T (E S EE AR R B IUR T B it 2L
MEEREEAETHIEAE - DB AR mE S
RS ERHIVEE A M

Zhang et al. (2004) $REF T EE AR [F fnfiE
EENEE  BHITE R A A
RE - RERZ » R Hhalbasd REUK
WHFE Ay B 4t B — B o 1 ] VA [E P Y Y B
FEME - 16-1232 ff l 308, miE 54
1.4-1.6°Brix (3 6) ° A} » FRBE 16-1232 fiEsm
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RSBV R Z B S B e 3
Ay AT E AR e T W AR B B
5L 16-1232 IZFEACHH BB 7 EH IR - SR 2 iR
IR o B ok Ry L 2 B HY 2R (Cheng et al.
2018) » FEAS S MTHY AT TERES T - HIfE 16-
1232 8 0%, M2 RiEE BEEE SR 2
HAfE e 8 2 2R 2N BROR L -
B 7K R B R B R A AR > 2 R
o H Z HE BN T (Wang et al. 2017) » K
B S BE R WSS RAVEE
BRI R - ML - SEIREE - FRERE R
RS S A REEETT 2T IRET - Song et al.
(2012) FEKBEARRIE IR T » BRET 27 (HTTEE
I IR 2 B - S RBUR R B A R
WHREGEZEREE  EXHERAES R
BN R LEXHRESEsNER -
NEFEAEHNMUBEZEENER  HAEFH
o E\EERES > SEETAEEAE - B
FTERRET SR YIRS - 1T A B PR AG P B9
W B o AR REUR 0 S E 16-1232
S ARSI BV HIIE AR - IR S E 19K
PR A 16-1232 (R A FH AR PR E
SR SR DU R B TR @AY E
HE & i R DR A 5 R IR ER SR YT %
I » RN EARIER ARSIk
HHEGHAERE - e g 2
=B EY) > REEYS A Ay
TV B2 AN SREKRMER - THE
R KR P & AR S AR EL (Zhang
2016) + AH [BEIIT 52 2% B A e e O T WA AR R AT
HARIUHIRE > (EBRRA R E - R
W FmT 3 5 ARG IS B FE A IRGAZ - IR B 3R
[I0k (Cheng et al. 2018) - L XA I & &
(R FE T > S2E B SO G (high per-
formance liquid chromatography; HPLC) %
fl » %5 16 (B2 Bk 2 i 2 5% A A VSR B F 0 e
A T8 45 12 22 77 0 E NI EE B o3y - AT DR e 1
Bk A i REL R Y £ ZR - 4 (] i fE R 7 TH R
JegBPERRESE (AR E Y - G0
AR ~ SRAE - AANE - IR M C)
HEE SR RREHET R 4 225 E
T& o 2B AR AT G R R > EREE
LA AMEEDY) - GO0 - BB - REE - W

rere

]

70 % 541

EMEAI4EAa C & & 2 [8 Fy #8135 [EAHRH (Cheng
et al. 2018) - Song et al. (2016) DLATEEE Bt
B SRS RORAE 5 (HPLC) /R a3 -8
i (mass spectrometry; MS) Fift F 57 ffy > ¥ 40
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Shi 2011) o ABHFEE AT 2 A TR 7 B 45 5
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HEaETERENE aHEEES2EH
B - KRR ITE IR R AR > a8
HinfE A 2= % > Al S RS & 2000
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FIERULLT 40 d > W E 2FERIEEE (Lo et al.
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Mo AT R B R E A E R o R AR Tl



JrESHTLTE TRV 1 5R B 251

EEENVEIRA (1) BiEE 28558
SRS PLE 11 AREE S A/ MR ER
[ - (2) AanfEEEOES > FEREH > EILE
AR MEEM  CHEE MR - H
HiEEER R REKE - BERHERES SHEEE A
w2 B 4 5EE0 43 SRR S TR T\E@E@
FRZEM s ERE LR - HRRNS > /M&
B 1SR, BWSES A F R - MY mfi
> BARR SN KR KB R EFHEYIAY
}’E’Ej] - WHEEmMME > W88 BIrEER
ol o HEORFTORKA S > REA S - HIHEE
maE - RS, BEE - Za - FHR
R ARt E R SR EE - HAT OF
BRI 88 F, R ER CRIFEBIRMERS
HIEAERE > EFE SRR -

5| FASZRA

Chang, J. M. and X. F. Shi. 2011. Research progress of
natural product Shikimic acid. Chinese J. Info. Tra-
dit. Chin. Med. 18:109-112.

Cheng, Y., H. J. Wan, C. C. Liu, Z. P. Yao, Q. J. Ye, Z.
M. Li, R. Q. Wang, G. Z. Zhou, Y. J. Yang, D. L.
Chen, and M. Y. Ruan. 2018. Comparative analysis
of flavor/nutrient determination parameters in 16
different cherry tomato varieties. Acta Agric. Zhe-
jiangensis 30:1859-1869. (in Chinese with English
abstract) doi:10.3969/j.issn.1004-1524.2018.11.08

Dai, X. Y., C. Z. Yi, Y. L. Yan, and Y. H. Han. 1989. Gas
chromatographic dtermination of organic acid in
fruits and vegetables. J. China Agric. Univ. 15:51-
55. (in Chinese)

Hsiao, C. H. 1995. Chinese kale. p.371-376. in: Farming
Articles (2). 3 ed. (Chinese Agronomy Press, ed.)
Chinese Agronomy Press. Taipei, Taiwan. 926 pp.
(in Chinese)

Li, A. G, X. Qu, X. K. Li, and X. N. Yu. 2007. Study on
heat tolerance of plants. Crop Res. 21:493-497. (in
Chinese) doi:10.16848/j.cnki.issn.1001-5280.2007.
s1.002

Li, X. F. and Z. H. Zhang. 2008. Study on heat tolerance
of vegetable. Agric. World 301:70-75. (in Chinese)

Lin, C. Y, H. L. Lo, Z. N. Lin, S. T. Wang, and G. Y.
Hong. 2010. Breeding for heat tolerance and early

Il

of Chinese kale. Harvest 60:26-28. (in Chinese)

Liu, M. L. 2011. Application of mini-pan in screen-
ing heat tolerance of crops. Res. Bull. KDARES
21(1):1-15. (in Chinese)

Lo, H. L., C. Y. Lin, and S. T. Wang. 2019. Selection of
heat tolerant Chinese kale cultivar. J. Taiwan Agric.
Res. 68:293-304. (in Chinese with English abstract)
doi:10.6156/JTAR.201912_68(4).0003

Ou, Z. L. and F. L. Cao. 2008. Study on heat tolerance of
plants. Forestry Sci. Tech. Dev. 22(1):1-5. (in Chi-
nese)

Song, Y., J. N. Fang, Z. J. Zhu, and J. Yang. 2016.
Changes in organic acids and anthocyanins con-
tents during shelf storage of fresh-cut Purple Caitai
(Brassica campestris L. ssp. chinensis L. var. pur-
purea Bailey). Sci. Tech. Food Ind. 37(20):300-305.
(in Chinese with English abstract) doi:10.13386/
j.1ssn1002-0306.2016.20.051

Song, S., G. Liao, H. Liu, G. Sun, and R. Chen. 2012.
Discrepancy and cluster analysis of nitrate content in
different cultivars of Chinese kale. Chinese J. Trop.
Crops 33:1440-1443. (in Chinese with English ab-
stract) doi:10.3969/j.issn.1000-2561.2012.08.021

Wang, J. S. 1995. Seedling technique of Brassicaceae
vegetables. Taiwan Seeds 20:17-21. (in Chinese)

Wang, R., Y. Tian, L. Yang, and X. C. Zhang. 2017.
Analysis of organic acid components in tomato fruit
during different development stages. China Veg.
10:58-62. (in Chinese with English abstract)

Wang, W., T. Y. Song, Y. Wang, X. T. Dong, J. Chai, and
Y. Xue. 2013. Correlation analysis on chlorophyll
content and SPAD value in tomato leaves. Northern
Hortic. 23:12—-15. (in Chinese with English abstract)

Xie, M. X., Y. C. Liu, H. J. Hu, D. L. Lin, and S. X.
Wang. 2008. Breeding of heat tolerance and har-
vest seed in Brassicaceae vegetables. p.67-78. in:
Proceedings of Application of the Workshop on
Agricultural Biotechnology Industry. December 11,
2008. Tainan, Taiwan. Tainan Dist. Agric. Res. Ext.
Stn. Tainan, Taiwan. (in Chinese)

Zhang, Q. 2016. Technology for efficient creation of citric
acid. J. Food Sci. Biotechnol. 35:672. (in Chinese
with English abstract)

Zhang, S. h., X. D. Wang, X. S. Xuan, Y. F. Shang, and H.
J. He. 2004. The nutritive value of different strains
of cabbage mustard. J. Hebei Norm. Univ. Sci. Tech.
18(2):58-61. (in Chinese with English abstract)



252

New Hybrid of Chinese Kale ‘Fengshan No. 1’ for
Edible Leaves

Hui-Ling Lo', Chen-Yu Lin>", San-Tai Wang’, and Chien-Ya Hong*

Abstract

Lo, H. L., C. Y. Lin, S. T. Wang, and C. Y. Hong. 2021. New hybrid of Chinese kale
‘Fengshan No. 1’ for edible leaves. J. Taiwan Agric. Res. 70(4):243-252.

To breed a new Chinese kale hybrid with early mature and heat-tolerance, plant type, canopy,
leaf shape, number of branching, growth period, and heat tolerance were evaluated in the Fengshan
Tropical Horticulture Experiment Branch, Taiwan Agricultural Research Institute. Two heat-tolerant
inbred lines, ‘Bao Xin Mei Kale’ and ‘Bai Hua Te Da Xin’, were selected as female and male parents,
respectively. A new hybrid 16-1232 was selected after extensive comparison and field trials. The
content of total sugar in 16-1232 was significantly higher than that of control cultivar ‘Chui Chun’ in
either fresh or heated plants. Due to higher sugar content, 16-1232 tastes slightly sweeter. Acid analysis
revealed that 16-1232 had higher I-malic acid and citric acid, and lower nitrate compared to the controls.
The nutrition contents of edible Chinese kale provide an invaluable reference for breeders and consumers.
The newly developed 16-1232 has been named Chinese kale ‘Fengshan No. 1’ after being approved
by the council of Taiwan Agricultural Research Institute. F1 hybrid produces edible leaves with early
maturity and shows heat-tolerance, which will be suitable for growing in high temperature and humid
environments. ‘Fengshan No. 1° can be harvested 40 d after sowing or 20 d after transplanting. Due to
the characters of less fiber, delicate taste and slightly sweet flavor, ‘Fengshan No. 1’ would be widely
accepted by consumers.

Key words: Edible leaves used, Chinese kale, ‘Fengshan No. 1°.
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DA R i = LE b R Bk i E Y
A R A BB R M R & g
G EE A RS < 3 S 0 F

HE
BRAE R ~ 2R - HEAREE - 2021 o DU R IT RIS BETAL S5 BR E E HY 4 R 2 BB R PR
2 Bl - EVBRESERTST 70(4):253-269 -

SHA WYL (Lactuca sativa L) & B AT & E KA ZREwA D 052 H % 0 AL 43K (heading) 49 £
MG HERA BREREAMAEETFI0 AZRF4 AN FTEGITFEMRERREMFERBE A
RS EZOMMM > BEAEXCS RO ERIAR N THAEERE B EwMAZNT 2T AL - AERE
BayAE IR T 0 A T IE A6 R4 2 3 E IR (leafy head) CRAEB W) » dn &R SN 3E (outer leaf)
AR L E A2 AR S AL 5 LR R KRB A AN M T 0 SERKSE M AR (source)
T R A NS E AR (sink) » S EARKATHEIEERE FT O G BHIEF LR - AFFRA
20172018 FAETHRB S HRMELRBERBBE (427 5K 3823%) &3 ML T AR A Rk
AH - ISR B o K @ A7 4 KA A (Malthusian growth model) * A& 453K B A Koy M4 5
¥ AH A KE (relative growth rate; RGR) Feta #13 4 &k & (relative leaf-growth rate; RLR) * # 33K 34 7 Bl 4

VEEE IR B 0 2 R B SRR I BBAE - 3 BT R L PE A BoBE R 80 % O A A 92 3 6
£ B bk R A 0 A RN 0 TR B R B RO R IR AR B A B R AR E A

R Z AR > Mo B3 08 8 R B R RIS i A A A AR A K o KT R B S FURLE 7 fe s E AR
JR > YA RGR #» RLR # SN A KB RX, > 3 H# FALE (net assimilation rate; NAR) » w7 3% 2 A B LR 3t 3
89 NAR Bitwh 42 £ BT H#edh /540 - SN EABLIR 0 LE& A M R0 0 @ 445 £ 30 L340 » B SR W 3E m A fh
R ERM > MmERNELFEEBMR - BH RIERFRT A NAR 4ih A R X8 > 7T
AR SHEF (hearting) 69424 B I » F4R-F 35 £ AR B K (growing degree days; GDD = 735) 7T ¥ i
AR B

RABEE | fRECNE - HEERAE (RGR) ~ FEMEELL (LAR) ~ J#FE{E®R (NAR) ~ 455K -

BIiE HREL2H > PETERRETNATEEREE

e s Zj: )‘i}é{_‘:‘*{‘ =3 % Yoy S —1-\-‘;

%:Egl: ISJ{%E (Lactuca sativa L) /j%fE\Bk Ti %IL* E&wl:lﬁz TEETE‘:&A_‘IE*}( < é%ﬂﬁ'}ig%*
B SERE AR BT (I HEYM 2 — FERERTESEKLERE
18 B BB EEIE B 13-16C (Borrelli er Bt HFCRIVIEIRIEY) » 8285 (Brunini
al. 2013) » HERISCHERENEERE et al 1976) {E¥ EE A RAVEBEL L 5T T
(Lafta er al. 2021) - V@R RG /DR - S 883 22CH > BEARKERHEE > HERR

R HIE $ 2021 425 H20 H ; B2 HIH 2021 4.6 29 H -
TEEHES © kwjuang@mail.ncyu.edu.tw
BENEEELE LML E - &8 adbi -
BEZgREaBmER L2dEAHnEE - 88 Gl -
B EEREEELERIN - 58 5dbh -
BT RERPRBEELZEN - 68 FET -

-
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FIEHI45ER (heading) AYFEENFE (Nothmann
1977; Jenni & Yan 2009; Masarirambi et al.
2018) - if H =0 & S5 IE T E (bolting) 1
s BUTELLE (Silva er al. 1999) » GELEERE
EEMNEES 10 HERFE 4 HHE - 2R E
22 i AN F G BRI i B B AR E -

TEFEREZ B H 2002 FmHHE 51
PHASER i B A R R IR B ROl i A, 5
= CEUARNEEREFES > RitES
KEEN > BEgEMEREERRERES
BB EINARE  BALEHE  BEY
EHEEH - BRIBNAEEGSKEHE T EER
EREENGER - mE - > BREL
BE1AZEFEIHBEEMR TSR
i 30 d > FFERARITEF K THEIRER
K T s TN o EEAME TS DAL AT
HARE » H4METE 80% > $HMEIZ 40
Wrine - wgE - BAKPE e E 2 H O 2 TR F R
B IKIBERZEITE 2020 FREAEHE
DAAPSH TR K Ry =5 B RV &S BR & B A E R RIR LY
800 ha » & & H 1 24,000 Mg (DOP_TWCOA
2020) - BAREEFIEVEERITHEE(LE
Mg WARBREBSREY  EREEE
BRI - LHEBEREENREGMTEE
B EEE BAMATTSRTR T » BEHA
5] EE HAAE IR i B RV AR R AT WG B DA U 28
R A B B TR Y R 54T - AT R ag
B RE AR 2% DB eI 6845
i ERVIMEE SR -

EVIEMRIE RGN A REFEE &
KEERWVENEANTEEHS REIMEERE
PREFAVIL[EIVE A - (IR A Y A B B2 A BL iRt [ 2
HELTER T (growth analysis) - R AE R
Z 4SRRI i B AT AL FHRAER
WFE Y E1E (deterministic) FIfF{E (stochastic)
BALM S AL HAE L2 B (modeling pa-
rameters) » & 7] B EALEY) £ &R EHEAVK
B - ARERSTHNEERETEZAEA L
S8 WA BT R A R ISR (growth in-
dexes) » A B AL A RIGEZ E1L
RAREFERAVE RERE  FRCHE]EAHE
YRR ERN > DAEERES LS

rere

]

70 % 541

# o EEEA LSBT AREYEEHET R
PRI R EEH T A REB(LRM S B1E
Vit e AR E - R EIRER A T ESES
By 7= RS s HE ER I R S F Y R R B R
AR - 1 B RS R B =01 2 B e B B o
HBEERAEFEYAEEHEEF A LA -
TEV A4 RABIE AV B 4 T AR e il B L S E IRy
ARk~ EUEN R - ROt EYA IR
S EHBZEE RO MAREER - /5 -
T EHE REREE - EES A
fFEYE > M EEEREESELNEEEALL
28R ¥4 E 2R (relative growth rate;
RGR) - ZE{H f& EE (leaf area ratio; LAR) ~ ZE [&]
FET5%] (leaf area index; LAI) ~ j5#[E{E3R (net as-
similation rate; NAR) B{EY)4: % (crop growth
rate; CGR) & (Chan et al. 1995; Chan et al. 1998) -
PLAEEKE ERVAEESENN S - AEBREE
HY R AL 2 8 R B EBAYEEER (leafy head) @ 7R
Bl A JE B AT N - 1 2 B A A0 3E RIS £ 1L
Bl E e B ORGEDNAE » DIMERER Z m'E
BLANBISERE > TN B EERE B D) A PR o HIEHE
HIAERIBIENS - CEMIMNEZENHET
HEFHNTEESE » IR EEEEYNE
FLALJR (source) » MEETKE & EYIHY H AR
fi# (sink) » EUHMEEZME MR A R AR T B R EE
BRE ERNVE ZEFIEEMIEIE (Liao ef al.
1993) » &KX HHIE AR BE R EE 4 2 DLz R RE 2
KHBREE  BRAGEKEELENGNAE
RS o At - AUB RN &EER S B A E ZE
A EEME » AR A RTEITEIRE
EARER > FAEXC2EENERE RE
12 BB A EE RIS R 22 SR 2 R
EHELEER - HAl BNHEEREY
H 4R R A5 72 E fl# /D (Chen & Lie 1997,
Yang & Lin 2017) » BE5 Z AHEAIT 2% £1 $HE
b B B #e 35 HY ER P2 (R (4 (Yang & Lin 2019)
T3 4 BR B BE SR WY 48 & 0 i S X 2 8
ZEEIEIR (Liao et al. 1993; Chang Chien &
Hsu 2003) - BANE A8 & B4 &REXZHE
FAWTZE R[22 (van Holsteijn 1980; Glenn
1984; Wheeler et al. 1993b; van Henten 1994,
Gallardo et al. 1996; Seginer 2003; Salomez &



AR REBR S E R A & 255

Hofman 2007; Fraile-Robayo et al. 2017; Carini
et al. 2020; Zhang et al. 2020) » ZATE AN FH[E
W52 & K % (Yang & Lin 2017; Chen et al.
2019) > FFEBIN T EEEBENREHRE 2
RSB A 5% BN S5 A%
b - AR AEEERER R RE S
REFHERUEE AN -~ IMEPEERIDLS
YT B AR TEERE - BRI IR R B M EE
B G0 EE BRI N TE 73 Bl R AE R Y £ AL
FfERE - DIEBEREENEREL - FEHLER
ST A EEIESEERE BN ~ SNEN A R HE
AL S B TE R R AR T 14 -

MR 7%

HEGREET SRS

A BE MR EEEMRG w0 ol
B F W& 3 5% 0 1) Ry T LB, 427 SR TN BE B 382
5% 5 M EEL S 427 5 HH I R RS S R R Y
Tk ER A PEEEITE 0.45 ha b NEEER 382
SHEB NS Z BB AL B
fEIETE 0.30 ha - BB &E S BIERELES RS E
anfE B Ry TR 6 5t o BT ARRE R S EERE
HIRAH - IR B - 2017 F5E—HE
1 HIEZE 3 BJE (1/2017) > 5 — 8 {E 2017 4F
10 H %12 2018 4 1 A T A (11/2017) » 2018
FE—HIEE 2017 £ 12 HY)E 2018 £ 4 H 1)
(1/2018) - HIE L HIEZ R R ERELE T
R 4 U B M B R 30 S (https:/)
e-service.cwb.gov.tw/HistoryDataQuery/in-
dex.jsp) » & B T & 5 MRRE e ok (88
120°24'32"E » 4 & 23°46'22"N) #y A F198
FEF R R 40 8% » DR FE 52 200k
(Z87% 120°25'58"E » 4% 23°29'45"N) #yH &
I ERAC 8 - LB UIE 1 Fow o JEES 427 57
FHE S —HAE R B B 4y 5.94 plt m™ > 55— JH
RS 2 49 5.77 plt m™ » 88 = HIME ks &
[ 47 5.69 plt m? = /X F F% 382 5% FH & 55 — 1
TERBE LY 5.92 plt m™ » 55 “HATE RS ELY
5.73 plt m™ » 55 = HfE L % 254 5.76 plt m™ -
DLE 2 B St B 8 R A R B AR Y FH AT A
EMREH S hE B amRE - HWEslE

&R EREERE L AR BE
ZHRETE AR RIRE BN FEERY R
RIESL> HittAMLESS EEEH - HE
V)RR B S MR > B R AH AT -

Ktz alin @ & EERAAEE FHEHE
BFE ¢ BEE - BEEBRAEER ST (R - &
#) 2 E O NEHEEKROET-10d5H
PR & 5-6 plt > B EMEHE -
B O] BAHE T B EE R 7 E M R BGEE 77 B O B BEBK
WER BRI EZ | > KL EE% 30 d
DL EA R 2MEEIR A ZE A - 375 YRR
EMER 2 FE - RENE - BRI H AR
ERMKA B EFBRGNEESRE LERY
R E R E K R A - AUt HEREE
B AR P S E R Fr i 2 fE R A B i
HBER  2FATEEEZ EgRERE T
1T 2017-2018 FFRHLEFE (106 E£F}-18.1.6-
E_.C1-~ 107 E2FRl-14.2.6--C1) BB W

FHE -
EMERIRTN
EMERSMNEZHNEHEVEER

11/ 2017

1/ 2017 (site 382) 1/ 2018
(site 382) SEEEEE > (site 382)
g > € -
11/ 2017
(site 427) 1/ 2018
a5 ¢ 1/ 2017 (site 427) 250
€ o (site 427)
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= Q
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o =
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=
<
O st 2
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= 50
g
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1. 5UEGE (427 $5 70 382 5%) & HA(F (12017 ~
12017 #11/2018) sABR AR H 2 PR & ~ H i
RN R & -

Fig. 1. Monthly average temperature, daylight hours
and accumulated precipitation during the experiment

periods for the sites no. 427 and 382 during 3 cropping
seasons (1/2017, 1I/2017 and 1/2018).
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(vield; Y) #E1THE HERY AL BI5E - DUHBEA R
WERSE BRI FE I A ZE T (productivity;
P) W E SR EARZE M HEKEYE (bio-
mass; w) BLIE S (density; Ny) ¢

Y (kg ha) = N, (plt ha™) x w (kg plt™") (1)

4 D RE B Ry E SR - EER
FHYEYES -
P(kgha' d') =Y (kg ha')/T(d)  (2)
Heb T RN AE R FY s Rg
BEEZEWEHY  HRAENEERZE
R EZ B R AR IR R B AR B B R R N
e HEA - HiL > RRRR BRI E
FEEEEYmENEREEE NN E > R
ERREEREYE  THECENERS -
H UEYT A SR E AR K(EEYIAT R
BNEMERARERERE > Al4EYE REN
Hig El B 4 £ 2R (growth rate; GR) :
GR = dwldt (3)
ZAT > GR G ZE R A/ ~ AR EOE IR BB
BEVNSHERZE Rt EEHHER
# (relative growth rate; RGR) » ] HiF#EFR IR
Bk B EYHIRER -
RGR = 1/w x dw/dt 4)
MmE2 > HEEYE w EHEERE  ARNEE
(variate) » A[EALA ¢ FYERREYL p, (1) o
w=y,(1) (5)
BE > BN CEEVNAERSL o » EFE
FRERBEEREVEE - EVENERERR
TEREAVRYS A S EERIPREE R HEE R REE
WA 2 TR B YR REIVERE - H
HERE D g R AE R AR e > mHE
[ETEAYHE KRR A RE BB Y& BRI

rere

]

70 % 541

foRE > A ERE RN SRR R S i
B4 B (relative leaf-growth rate; RLR) » B[F5L)
s ME LR RIE RN A& RIS R A RIBTE
AIFHERR{%: - RLR EFLIT ¢

RLR = 1/4 x dAldt (6)
MEEHE R A4 AT RN ¢ BYRREL v, (o) -
A4=y,(1) (7)

k=X (4) F1 = (6) REEHRE RBIEN
4 SHRGR EARLR » W[ HE— 7 H AEY)E
REAATHEE AT E (Blackman 1919; Briggs
et al. 1920; West et al. 1920) » 2, (4) KF&IEH %
B lEaT :

In(w) = RGR x 1 + ¢, (8)
9
w = exp(RGR % 1 + c,) 9)
[FH > 2 (6) AI#HEEF R T ¢
In(4) = RLR x t + ¢, (10)
Ei
A=exp(RLR % 1+ c,) (11)

At & (5) I (9) BUREC(7) Fist (1)
BIVRT 25 45 & £ B 2 87 RGR 2 RLR #Y4EY)
EMERFEAEREN

yu(t) = w, x exp(RGR x 1) (12)
il
y(t) =4, x exp(RLR * 1) (13)

Hetw, = exp(c,) ~ 4, = exp(c,) » 70 (12) FI5
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(13) BIFT S HY & R i 4 4= & 1% 50 (Malthusian
growth model) » 7 {f 5% 2 8 R BE L & B R A
ZPRFNHIBRAE T - B R Hh 40 & 2T (DU
FUFE B4 % (Kogel & Prskawetz 2001; Weil &
Wilde 2009; Lemmen 2014) > 22 HEi & fE B
B AR REAEAR (SER(EH) -

ERERHE A B S B mMELE (LAR) f
JFEMEE (NAR) fREFRE A (12) f1=L (13)
B AT AT #E AL AYEF AL 73 A - LAR F1 NAR %
EHZU T (West ef al. 1920; Anten & Ackerly
2001) :

LAR = Alw = y,(0)y,(2) (14)

il
NAR = (1/4) x dwldt = RGRILAR ~ (15)
Horplis A 2 (12) I3 (13)  BIAT e san T :
LAR = A,/w, % exp[(RLR — RGR) x 1] (16)

il

NAR = RGR x (w,/4,) % (17)
exp[(RGR — RLR) x t]

Wit &R EERER ELEHHE > HRGR
1 RLR #T {LF3 € & #IF - LAR HI NAR &
S ¢ AR -

RINS BTG

AU FE AR EHAEER S ERAEY &2 (|
HREZE) MIEREE RLSFERET R I
EficE REA{EH H RGR B RLR » 5 H ¥ E
RIEHATERY RGR B2 RLR HEHE AT y,(0) ~ y,(0)
B DRGSR A E I FE R E RS
SLELRA AR 2 BB - g (8) =X (10)
CHSBHG SRAEEw IERE AL
FRERHHUE AHBUE - FHEEHE RE (days
after transplanting; DAT) » [ SigmaPlot 12.5
RS HY A8 B o M D BE » BT In(w) FT In(4) %
J& t = DAT WY EH & RIS

In(w)y=k,xt+c, (18)
il
In(A) =k, x t+ ¢, (19)

HepRER &, f &, BIF7R RGR AT RLR - i ¢,
Fl o, BIF R ERERE (1= 0) NLGEEE
IR Z B AABBE o A0 73 AR Bk
i EED - RSP EEE LRI HGERK
(18) - M4 EE R MIAMEE Ay A4 & i SR =R
(19) > A5y BIERSH &L ~ REFISN EEZEHY
RSB E (k, M c,)  DUREE R fI5h
FEERVEASBHEME (kM c)

2tk S BIESE L, ko, e, T
HRAZL (17) - i NAR Foran | -

NAR = k,, x exp[(k, — k) x t + (¢, — c,)] (20)

Hetexpl(k, — k) x ¢ + (¢, = ¢,)] Bl B HEETH
tb (LAR) Y% - B R4 R IBTEAY NAR 57
LAR 2% - B g [F) 4 &5 HA BE I i O 38
HIF5 8 A48 (Potter & Jones 1977) « ZREHZE{R
EEEEEBEZIVEEERE O TRE
HTER (RN EEE R /N ERY AR MR
GNEE By ot & E W AL R Y WA R AR R A3 AT SR
Disth 84 & R0y 2 Bk (5E &, f e,
o3 il FE 4R TE R R R e B A EE AR Y &, A
e AR (20) » TR HRATE 7 HEAY
NAR,, FIKFEBHSMEEFITRAY NAR,,, WTE 4R -
HE - BEAREHERAEYE RENER
IR EFEER (NAR) ZRBME > 7T 5]
FI RGR/RLR HYLL & iR & 2 V)4 i 5 B i
AT A BE A E g 24 (Jackson 1963; Potter &
Jones 1977; Poorter & van der Werf 1998) » {{%
#3t (4) A1zt (6) T RGR/RLR 740 F ¢

RGR/RLR = (A/w) x (dw/dA) @1
= LAR x (dw/dA)

# RGR/RLR = 1 » HIl dd/dw = LAR » i 4%
B dw {156 97 4 SET AR dd (OLLBIR 2 0 LAR
HeFFiEE - RN NAR [EE A8 (West et al.
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1920) - %5 RGR/RLR > 1 » HI d4/dw < LAR >

Wi VIR dw LS HT R TE AR d4 IEERI/ N
BLH LAR > 1% LAR & & > %~ NAR #
FF} ;% RGR/RLR < 1+ H dd/dw > LAR » ¥
WAYIE dw 4 AR BEEITE d4 BVERBTR Y ER
HLAR > 1% LAR GiEH - i NAR 0 R -

EROMTERERIVEARIE
AW SRR B A RATE B EYIE
BUES 2 2% BRERIERE - SEEREYKD
SGEEHIBITEE (KU E R R
HRT 2B R 95% £ 3%) > LIERAENE (F
YIHZ ) HETT BV A5 15 R 2 U 2 PERER
B o (iR R ~ A EREE - AR
JFHEAE A 2 BRI D B - BRI R T
EXREELERSITHEEN S BERRE > &
BeqnE 2 - DR Sl B 4 SR A s e A RO
A2 B HERIEM -

EES

EREVENERBIRERIIRINSH
S

3 FIE 4 FestBmle 427 9%H0 382 5% 51
PE (1/2017 ~ 11/2017 F1 1/2018) 45 Bk i & B
S~ RRAMNEMMRERZE 2 A R4 o i
FESFIERE MR EE AV A RAC SR ELE 1/2017
11/2017 F1 1/2018 £ 3 #f > {HARH £ RN
BRI 427 9% (%4 2 B : /2017 1 11/2017 »
Pt 382 5% A —HH (1/2017) » kX (18)
NEGHBEGELEAGEH 28 L, M,
W PR - B 3 fE 4 Pryk e GE R A
BEKET MG DU RHGERERE K
ZAEREE > Kl Ea & 427 95 1F 1/2018
ShEE EER A RERARE GEBRE (R =
0.85) > HEpSHERIER N R > 0.9 i HAE
EKAEEE P<0.05 > WIEHEE 1 FrolE28

Growth Analysis and Modeling

Step 1. Morphological observation
in a growth period to obtain
primary data

-
e

0=t = 2 -) 3

denst\cs \Z‘ -

\
\
\
\
\
Observations (2)
°
[ ]
[ ]
[ ]
y

] .

t5 Growth period (T) Planting time (T)

v
| Step 2. Primary data (Z): No. of leaves, leaf area, fresh and dry weights of shoot and root given planting time
o
Step 3. Model development for plant growth in dry weight and leaf area 5@/ 4
1) Physiological processes increasing dry weight and leaf area as the measurements of plant growth E »e,,\"’ff‘/
2) Given a constant ky, the growth rate by unit dry weight (W) can be expressed as (dW/dt) / W = ky; ‘-; _’,_tf-,—;{;;\;\"i“
then, In(W) = kyt + ¢y, Wwhere ¢y, is intercept. g T oW
3) Given a constant k,, the growth rate by unit leaf area (A) can be expressed as (dA/dt) / A =ky; -
then, In(A) = k't + co, where c, is intercept. I Time (¢)

~

5) GDD vs. heading and harvest forecast

Step 4. Estimation of efficiency indexes (physiological parameters) for plant growth
1) relative leaf-growthrate (RLR): k,  2) relative growth rate (RGR): ky, 3) leaf area ratio (LAR): Exp[(ka - kw)t + (ca - cw)]
4) net assimilation rate (NAR): NAR = ky, * Exp[(ky - ka)'t + (cw - ca)]

2. A& E BRI ERIITEEN PR TR -

Fig. 2. Flowchart of the procedures of growth analysis and modeling for crisphead lettuce in the study.
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Shoot Shoot
4r /—
o _. v
3F -7
5k
1r —e— 1/2017 —e— 1/2017
R? =0.95 (0.0050) R?=0.98 (0.0014)
T 0 P — = — /2017 — & — 11/ 2017
£ e R? =0.99 (0.0053) R2 =0.99 (0.0296)
£ 1 id --w-- 1/2018 ——w-- 1/2018
g ‘ R2=0.95 (0.0051) R2=0.95 (0.0043)
> =2 L 1 L L
©
o !
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= °
> 0f
o
-
AT
2r L]
_ 7 —e— 1/2017 >
o R? = 0.96 (0.0030)
£ % J
— o — 11/ 2017 —e— /2017
R?=0.98(0.0123) R2=0.96 (0.0031)
-4 L I L
0 10 20 30 40 50 60 0 10 20 30 40 50 60

Days after transplanting (DAT)

11/2017 F1 1/2018) &EER & E BRI A BURETHZE (w)
(gplt") ZHEULAE R - R FRIEGE > FEIMNBER RS KE -
Fig. 3. Logarlthmlc growth curves of dry weight (w) per plant (g plt") for shoot and root of the crlsphead lettuce

plants grown in the sites (A) 427 and (B) 382 durmg 3 croppmg seasons (I/2017, 11/2017 and 1/2018). R* denotes co-
efficient of determination and the significant level is denoted in parentheses.

&l 3.

HEALE &, A o, BYRERURES - Ll - 726 3
FE 4 T4 Rih 4 23 2 LR EE A
SPEEN SRS E &, F ¢, > REERE S
TERIS Bk EZ 28 - KN mEREE
HEREYEX AR ENERER -

3A BURE B & 427 57 093t ¥Rz &
£ 1/2017 1 1/2018 [y #A 7Y B 48 7 22 B B 7
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1/2018 i k,, 5751 B 0.0927 1 0.0861 - [fij 11/2017
19 k,, Fy 0.1213  fREVEZEAE 1/2017 (Y E LRAL %
WHHSHER 112017 » HER 1 | 12017 9 &, £
0.0551 » ffij 11/2017 # k,, %5 0.0865 - F & >
4A s R A EE S - SUEBE 427 570950
BEESEFA 1/2017 F11/2018 W HAAY B4R R R »

ARl (A) 427 TR (B) 382 HEesHAfE (12017 »

HHES 1 1 1/2017 F11/2018 9 k,, 43 515 0.0703
F10.0559 » {fij 11/2017 HY k,, % 0.0860 -

ZA0M > (8 3B Al B sl Bl 382 5 i &
FZ B 172017 1 1/2018 W HA A H 43 #I R 5 1
172017 By E & R 3 » HEER 1 frow 12017 A
1/2018 9 k,, 4371 B 0.1215 F1 0.1114 » [fij 11/2017
Y k, 5 0.1006 - f&] 4B th BR el Ba & 382 5 4h
RGO 12017 FI1 12018 (9 B 43 R R &
%21 1 1/2017 F1 1/2018 Y k,, 43 5 B 0.1101 F1
0.0813 » [fij 11/2017 £ k,, % 0.0505 «

EMEEERE RERERIRINSH
S

5 FoT Bt BRTE 427 SEF1 382 B8 S HAE
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BEBESENTTE 8

70 % 541

A)Outer leaves

v

5 No-

z

v /,4’
—— /2017

Logarithmic dry weight, In(w)

Outer leaves

B)

——— 1/ 2017

0 /o/ R2=0.91(0.0113) R? =0.95 (0.0051)
0/ Fad — = — /2017 — & — 11/ 2017
& R? = 0.96 (0.0179) R? = 0.99 (0.0043)
1
——w—— 1/2018 . ——¥-- 1/2018
R? = 0.85 (0.0255) R? =0.92 (0.0255)
0 10 20 30 40 50 60 0 10 20 30 40 50 60

Days after transplanting (DAT)

4. BRI (A) 427 5RF1 (B) 382 SRS HAME (12017 ~ 12017 1 1/2018) 4EBKE = BIRRSMEERZER (w) (g plt') 2
HEILE RIS - R FRAEGE - EINBUER R -
Fig. 4. Logarithmic growth curves of dry weight (w) per plant (g plt") for outer leaves of the criszphead lettuce plants

grown in the sites (A) 427 and (B) 382 during 3 cropping seasons (1/2017, 1I/2017 and 1/2018). R denotes coefficient
of determination and the significant level is denoted in parentheses.
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A REERERIRE (R = 0.78) » A R4AE
FHHRER N R BEE/KERE P <0.05» 51]
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F10.0983 » 1 11/2017 (9 k, %5 0.1349 ; [fij[E SA
Z T EEURINERE A #E > 1/2017
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(9 k, 5y H s 0.0806 F1 0.0691 » 11/2017 £ k,
HIl A5 0.0996 - 2R » & 5B ~ L #E R
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Fig. 5. Logarithmic growth curves of leaf area (4) per plant (cm’ plt") for all leaves and outer leaves of the crisp-
head lettuce plants grown in the sites (A) 427 and (B) 382 during 3 cropping seasons (I/2017, 11/2017 and 1/2018). R
denotes coefficient of determination and the significant level is denoted in parentheses.
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Fig. 6. Simulated curves of net assimilation rate (NAR) partitioning into shoot for the crisphead lettuce plants
grown in the sites (A) 427 and (B) 382 during 3 cropping seasons (1/2017, 11/2017 and 1/2018). Black lines indicate
the NAR given by all leaves (NAR,,); gray lines indicate the NAR given by outer leaves (NAR,,,).
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S > IR R I ERERE 25
Bk L3 RV AA H AR TR AL B Rk R U e
T BRI HEA - B RSBk B E R B B AR
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STEAEEMEZARE - KB 5 P EREE
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]
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PREEFR N EE IR E M KRBT 1-2 wk > tEEE
PR EE R 2 wk BROHIBIGHE S  slbala 427
5% & BAPE B 3RO 28 B e 4A H #1453 B {E DAT
14 ~ DAT 15 1 DAT 22 ; =t 5 & 382 98 & HA
PEIEDH B0 3 S 4a H 73 HI{E DAT 14 ~ DAT
26 f1 DAT 17 5 frHHEIRY 2= AT B & 427 5%
MY 172018 FlEd Bl 382 55 Ay 11/2017 » E [a] i
HoL# a e H BT R - ERTEENER
ME = EE ISR (AR ~25C) HH
iR (HEBHEREE ~ 150 h) (@ 1) -
R 1% 0 A R (I 390/ < 20°C) I H BE R
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-5 TREREKEENIKLEEHZEMR
Fl H g8 mEsE (Wurr et al. 1981; Maas-
winkel & Welles 1987) o i HH [ (' BR it ke 1 368
12 > FEEROEE ZHH O] fE R R B A 4 Bk R A
ER o BIEER LSRR S ERREERK
AR > SRR BRI g pE R AL
FATH (open head) i £ 55 fe i & A AV AE B
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RIRIFFSRERERESEHEIRNE
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MR EEY S BCHET RS T o BB E A
TEAHAEAR [E R R T NAR,, 1 NAR,,, HYE
{BgR (18 6) » 3 A F5 Bh [EUE B KL 3 5t
WHEA o Ry — P HEETAL AR R E B UE
EEMmEREIRE - AR EER L%
B H AR UL HIH (DAT) » DIEEEROR
4°C (Kristensen et al. 1987) B ¥ EA EBER
H# (growing degree days; GDD) » [&]HF4 %
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#2. BRERE (427 551382 5% ) RHAE (12017 ~ /2017 1 1/2018) SEERE EBR BB RIERDR HE » IR

BRI ERR Z BRAE ~ BRI E SRR

Table 2. Growing degree days of hearting and harvest and the leafy head characteristics including averages of di-
ameter, axis length and fresh weight per plant for head lettuce plants grown in sites no. 427 and 382 during cropping

seasons 1/2017, 1I/2017 and 1/2018, respectively.

Growing degree days Leafy head characteristics
Diameter Length Fresh weight
Site & cropping season  Hearting (C ) Harvest (C ) (cm plt") (cm plt™") (g plt?h)
427
1/2017 192.9 756.7 15.1 14.0 661.0
(14)* (53) [0.287 [0.26] [18.5]
11/2017 301.1 757.7 13.8 12.9 221.3
(15) (43) [0.30] [0.23] [18.7]
1/2018 301.0 764.7 13.8 14.2 421.8
(22) (58) [0.36] [0.61] [25.1]
382
1/2017 183.5 739.5 14.4 12.9 458.1
(14) (51) [0.24] [0.53] [30.1]
11/2017 412.1 710.7 16.5 13.2 434.0
(26) 47 [0.62] [0.43] [45.9]
1/2018 192.1 741.9 15.3 14.5 493.3
(17) (55) [0.30] [0.24] [33.1]
“ Days after transplanting (DAT).
¥ Standard error (SE).
BREEERCR (> 450 g plt”) » HEAASERRBEE A4 fet=a
[ BRI RO BR R B » 41 A B 2 AE R e 2 - et L e e e ”
HE (o) T S B R 40 B i - AW FEHE 45 ER & B /Y 4 & 77 i SRS B s
HE o & HAMF DU 2E B B 48 B i AL E By BR U L mtn o A o v =
ALERE (E 2) HERERERBRERES

H i (DAT 43-58) HEHEIE R - HERTEK
GDD % 710-760 » 41t 2L GDD &R Ui H HH
Hys R - 5 DUE R H R B 25 ClEHE i
f# DAT 2-3 {72 » FoReE GDD (40 -
245 GDD = 735) FyftHIETER I H IRV ST -
AEEEREERRHABH R HERKHEM
[t B AR 26 SCRRER BARR R H S0mT A HI i
B AR E Je BR UL FET Y 2 58 AH 755 (Brunini et al.
1976; da Silva et al. 1999; Fraile-Robayo et al.
2017) = fhAM > 2 & RIS BEER L 3 B
40 H IRy GDD /0% » Bl E ol i B ak i
EHE IR » AR A ER G R — 85T i
CLE B E A DR R R AR O HERR M
HEkO# 56 HIHGRE GDD g/
o TREREERR G A S E EIVBAE 0 R R FIETER
W HiHRY GDD E[EE - AR08 & 4s GDD
W/ 0# o BRI ECRA GDD BRI -

BRI AT oAb il - G RESR PR
e B H IR R g R4S K BRI Y B
EmEAASERER > T HERBIMA Y
ol FEE T B H B A TR S i 2 B SR O
HFREMREERBHNERRER - AR
B GRS EEREAMGEEE S RGR
A RLR - B AT (R (5 A 5 2 60 14 R o 1R 1
ERE R E RERAER  EREES EmEE
A EE SRR EZ B - A
i8 SEHE A 2 BORF T A Y A R P 4 R e L AV R
EEHZY - HE - AUTFTR o7 Rl e
F R RHANE Bt & B BURAYRITEAE R o i
RG> R mET A BV B HYEE
b (NAR,,) GREMEMRAERMFFE TR > HiE
DUgRasME EfEET RIFEER (VAR,,) RIFETE
HRAERFFE LT BERTINERBIRNCEE



266 G

PR EL RS i B3 o DL METEER P EE R
e R E B HERNETILEEY 2
F I MEE o AHHF ST L NAR,, R NAR,,, H9 15
BRI E RV ARG B > BB LB
AIREREAA H I > HEsm BAEMRAUE EME 1R 2 wk
BRLBMREE » SRR SR 2 BOR

% (GDD = 735) B R BRI H I - AR
A FIRER LIRS 2 B8 H B s
ERBOAFRERLHENAERBERE > fERE
BRSPS EREET GRS -

5| FSZRA

Al-Said, F., P. Hadley, S. Pearson, M. M. Khan, and Q.
Igbal. 2018. Effect of high temperature and expo-
sure duration on stem elongation of iceberg lettuce.
Pak. J. Agri. Sci. 55:95-101. doi:10.21162/PAK-
JAS/18.6554

Anten, N. P. R. and D. D. Ackerly. 2001. A new method
of growth analysis for plants that experience peri-
odic losses of leaf mass. Funct. Ecol. 15:804-811.
doi:10.1046/j.0269-8463.2001.00582.x

Bensink, J. 1971. On Morphogenesis of Lettuce Leaves in
Relation to Light and Temperature. H. Veenman &
Zonen N. V. Wageningen, The Netherlands. 93 pp.

Bierhuizen, J. F. 1960. The relation between temperature,
light and yield of various vegetables in a green-
house. Meded. Dir. Tuinb. 23:822-831. (in Dutch
with English abstract)

Bierhuizen, J. F., J. L. Ebbens, and N. C. A. Koomen.
1973. Effects of temperature and radiation on let-
tuce growing. Neth. J. Agr. Sci. 21:110-116.

Blackman, V. H. 1919. The compound interest law and
plant growth. Ann. Bot. 33:353-360. doi:10.1093/
oxfordjournals.aob.a089727

Borrelli, K., R. T. Koenig, B. M. Jaeckel, and C. A.
Miles. 2013. Yield of leafy greens in high tunnel
winter production in the Northwest United States.
HortScience. 48:183-188. doi:10.21273/HORTS-
CI1.48.2.183

Briggs, G. E., F. Kidd, and C. West. 1920. A quantitative
analysis of plant growth. Part I. Ann: Appl. Biol.
7:103-123. doi:10.1111/j.1744-7348.1920.tb05107.
X

Brunini, O., R. S. Lisbao, J. B. Bernar-DI, J. B. Fornasier,
and M. J. Pedro Junior. 1976. Base temperature for
lettuce in a heat-unit system. Bragantia 35:213-219.

Carini, F., A. C. Filho, R. V. Pezzini, J. M. de Souza, G.
G. Chaves, and A. Procedi. 2020. Nonlinear models

0% Fa4M

for describing lettuce growth in autumn-winter.
Ciéncia Rural. 50:¢20190534. doi:10.1590/0103-
8478cr20190534

Chan, L. F., H. Y. Lu, C. T. Lu, and C. H. Lai. 1995.
Relationship between leaf area and dry biomass
production in wetland Taro [Colocasia esculen-
ta (L.) Schott]. J. Agric. Res. China. 44:59-71.
(in Chinese with English abstract) doi:10.29951/
JARC.199503.0007

Chan, L. F,, C. T. Lu, and H. Y. Lu. 1998. Growth analy-
sis of wetland taro [Colocasia esculenta (L.) Schott]
under various crops seasons. J. Agric. Res. China
47:220-241. (in Chinese with English abstract)
doi:10.29951/JARC.199809.0003

Chang Chien, H. J. and Y. P. Hsu. 2003. Effect of plant-
ing density on the growth and yield of loose head
lettuce (Lactuca sativa var. capitata L.). Res. Bull.
Taoyuan Dist. Agric. Res. Ext. Sta. 54:21-42. (in
Chinese with English abstract)

Chen, C. and P. K. Lie. 1997. Evaluation of the growth
models for Packhoi. J. Agric. Forest. 46:65-83. (in
Chinese with English abstract)

Chen, H., M. H. Hsieh, and L. Y. D. Liu. 2019. In-
corporation of solar radiation and temperature
to estimate production of field growing iceberg
lettuce. Crop Environ. Bioinform. 16:98—-108.
(in Chinese with English abstract) doi:10.30061/
CEB.201906_16(2).0004

Dapoigny, L., S. de Tourdonnet, J. Roger-Estrade, M.-H.
Jeuffroy, and A. Fleury. 2000. Effect of nitrogen nu-
trition on growth and nitrate accumulation in lettuce
(Lactuca sativa L.), under various conditions of
radiation and temperature. Agronomie 20:843-855.
doi:10.1051/agro:2000162

da Silva, E. L., L. F. Martinez, and M. Yitayew. 1999.
Relationship between lettuce crop coeficient and
growing degree days. Hortic. Bras. 17:134—-142.
doi:10.1590/S0102-05361999000200012

DOP_TWCOA. 2020. The goals of agricultural produc-
tion in 2020. Agric. Pol. Rev. 333:46-58. (in Chi-
nese)

Dufault, R. J., B. Ward, and R. L. Hassell. 2009. Dy-
namic relationships between field temperatures and
romaine lettuce yield and head quality. Sci. Hortic.
120:452-459. doi:10.1016/j.scienta.2009.01.002

Fazlil Ilahi, W. F., D. Ahmad, and M. C. Husain. 2017.
Effects of root zone cooling on butterhead let-
tuce grown in tropical conditions in a coir-per-
lite mixture. Hort. Environ. Biotechnol. 58:1-4.
doi:10.1007/s13580-017-0123-3

Fraile-Robayo, R. D., J. G. Alvarez-Herrera, A. J. Reyes
M., O. F. Alvarez-Herrera, and A. L. Fraile-Robayo.



ARG REBR S E R A R 267

2017. Evaluation of the growth and quality of let-
tuce (Lactuca sativa L.) in a closed recirculating
hydroponic system. Agron. Colomb. 35:216-222.
doi:10.15446/agron.colomb.v35n2.63439

Gallardo, M., R. L. Snyder, K. Schulbach, and L. E. Jack-
son. 1996. Crop growth and water use model for
lettuce. J. Irrig. Drain. Eng. 122:354-359.

Gent, M. P. N. 2017. Factors affecting relative growth rate
of lettuce and spinach in hydroponics in a green-
house. HortScience 52:1742-1747. doi:10.21273/
HORTSCI12477-17

Glenn, E. P. 1984. Seasonal effects of radiation and
temperature on growth of greenhouse lettuce in a
high insolation desert environment. Scientia Hort.
22:9-21. doi:10.1016/0304-4238(84)90078-5

Jackson, J. E. 1963. Relationship of relative leaf growth
rate to net assimilation rate and its relevance to
the physiological analysis of plant yield. Nature.
200:909. doi:10.1038/200909a0

Jackson, L., K. Mayberry, F. Laemmlen, S. Koike, K.
Schulbach, and W. Chaney. 1996. Iceberg Lettuce
Production in California. University of California.
Division of Agriculture and Natural Resources.
Richmond, CA. 6 pp.

Jenni, S. and W. Yan. 2009. Genotype by environment
interactions of heat stress disorder resistance in
crisphead lettuce. Plant Breed. 128:374-380.
doi:10.1111/5.1439-0523.2009.01657.x

Knight, S. L. and C. A. Mitchell. 1983. Stimulation of
lettuce productivity by manipulation of diurnal tem-
perature and light. HortScience. 18:462-463.

Kogel, T. and A. Prskawetz. 2001. Agricultural productiv-
ity growth and escape from the Malthusian trap. J.
Econ. Growth. 6:337-357.

Kristensen, S., E. Friis, K. Henriksen, and S. A. Mik-
kelsen. 1987. Application of temperature sums
in the timing of production of crisp lettuce. Acta
Hort. 198:217-226. doi:10.17660/ActaHor-
tic.1987.198.27

Lafta, A., G. Sandoya, and B. Mou. 2021. Genetic vari-
ation and genotype by environment interaction for
heat tolerance in crisphead lettuce. HortScience
56:126-135. doi:10.21273/HORTSCI15209-20

Lee, A. C., F. S. Liao, and H. F. Lo. 2015. Temperature,
daylength, and cultivar interact to affect the growth
and yield of lettuce grown in high tunnels in sub-
tropical regions. HortScience 50:1412-1418.

Lemmen, C. 2014. Malthusian assumptions, Boseru-
pian response in transition to agriculture models.
p.87-97. in: Ester Boserup’s Legacy on Sustainabil-
ity: Orientations for Contemporary Research. Hu-
man-Environm. Interact. Vol 4. (Fischer-Kowalski,

M., A. Reenberg, A. Schaffartzik, and A. Mayer,
eds.) Springer. Dordrecht, The Netherlands. 267 pp.

Liao, F. H., H. Huang, L. Hung. 1993. Physiology of head
formation in cabbage and Chinese cabbage. p.181—
192. in: Proceedings of a Symposium on Vegetable
Production and Development. April 11-12, 1991.
Taichung, Taiwan. Taiwan Agric. Res. Inst. Taic-
hung, Taiwan. (in Chinese with English abstract)

Maaswinkel, R. H. M. and G. W. H. Welles. 1987. Fac-
tors affecting head formation of iceberg lettuce
(Lactuca sativa L.). Neth. J. Agric. Sci. 35:37-42.
doi:10.18174/njas.v35i1.16756

Madariaga, F. J. and J. E. Knott. 1951. Temperature sum-
mation in relation to lettuce growth. Proc. Amer.
Soc. Hort. Sci. 58:147-152.

Masarirambi, M. T., K. A. Nxumalo, P. J. Musi, and L.
M. Rugube. 2018. Common physiological disorders
of lettuce (Lactuca sativa) found in Swaziland: A
review. Am. Eurasian J. Agric. Environ. Sci. 18:50—
56. doi:10.5829/idosi.acjaes.2018.50.56

Noguchi, M., K. Hoshino, and M. Kikkawa. 1981. Analy-
sis of factors determining the vegetable crops yield.
III. Effect of temperature on growth and dry matter
production of lettuce at different growth stages.
Bulletin of the Vegetable and Ornamental Crops Re-
search Station. Series A. 9:47-62. (in Japanese with
English abstract)

Nothmann, J. 1977. Effects of soil temperature on head
development of cos lettuce. Scientia Hort. 7:97-105.

Poorter, H. and A. van der Werf. 1998. Is inherent varia-
tion in RGR determined by LAR at low irradiance
and by NAR at high irradiance? A review of her-
baceous species. p.309-336. in: Inherent Variation
in Plant Growth. Physiological Mechanisms and
Ecological Consequences. (Lambers, H., H. Poorter,
and M. M. L. van Vuuren, eds.) Backhuys Publish-
ers. Leiden, The Netherlands. 592 pp.

Potter, J. R. and J. W. Jones. 1977. Leaf area partitioning
as an important factor in growth. Plant Physiol.
59:10-14. doi:10.1104/pp.59.1.10

Qin, L., J. He, and S. K. Lee. 2002. Response of lettuce
(Lactuca sativa L.) growth to reciprocal root-zone
temperature (RZT) transfer at different growth stag-
es. J. Hort. Sci. 77:683-690. doi:10.1080/14620316.
2002.11511557

Salomez, J. and G. Hofman. 2007. A soil tempera-
ture/short-wave radiation growth model for
butterhead lettuce under protected cultiva-
tion in Flanders. J. Plant Nutr. 30:397-410.
doi:10.1080/01904160601171629

Seginer, 1. 2003. A dynamic model for nitrogen-stressed
lettuce. Ann. Bot. 91:623-635. doi:10.1093/aob/



268 H SRS

mcg069

Silva, E. C., W. R. Maluf, N. R. Leal, and L. L. A.
Gomes. 1999. Inheritance of bolting tendency in
lettuce Lactuca sativa L. Euphytica. 109:1-7.

Tei, F., D. P. Aikman, and A. Scaife. 1996. Growth of let-
tuce, onion and red beet. 2. Growth modelling. Ann.
Bot. 78:645-652.

Thompson, H. C., R. W. Langhans, A. J. Both, and L. D.
Albright. 1998. Shoot and root temperature effects
on lettuce growth in a floating hydroponic system. J.
Amer. Soc. Hort. Sci. 123:361-364. doi:10.21273/
JASHS.123.3.361

van Henten, E. J. 1994. Validation of a dynamic let-
tuce growth model for greenhouse climate con-
trol. Agric. Syst. 45:55-72. doi:10.1016/s0308-
521x(94)90280-1

van Holsteijn, H. M. C. 1980. Growth of lettuce II. Quan-
titative analysis of growth. Meded. Landbouwho-
geschool Wageningen. 80(13):1-24.

Weil, D. N. and J. Wilde. 2009. How relevant is Malthus
for economic development today? Amer. Econ. Rev.
99:255-260. doi:10.1257/aer.99.2.255

West, C., G. E. Briggs, and F. Kidd. 1920. Methods and
significant relations in the quantitative analysis of
plant growth. New Phytol. 19:200-207. doi:10.1111/
j-1469-8137.1920.tb07327.x

Wheeler, T. R., P. Hadley, R. H. Ellis, and J. I. L. Mor-
ison. 1993a. Changes in growth and radiation
use by lettuce crops in relation to temperature
and ontogeny. Agric. For. Meteorol. 66:173-186.
doi:10.1016/0168-1923(93)90069-T

Wheeler, T. R., P. Hadley, J. I. L. Morison, and R. H. El-
lis. 1993b. Effects of temperature on the growth of
lettuce (Lactuca sativa L.) and the implications for
assessing the impacts of potential climate change.
Eur. J. Agron. 2:305-311. doi:10.1016/S1161-
0301(14)80178-0

0% Fa4M

Waurr, D. C. E., J. R. Fellows, and G. E. L. Morris. 1981.
Studies of the hearting of butterhead lettuce: Tem-
perature effects. J. Hort. Sci. 56:211-218. doi:10.10
80/00221589.1981.11514992

Wurr, D. C. E. and J. R. Fellows. 1984. The growth of
three crisp lettuce varieties from different sow-
ing dates. J. Agric. Sci. Camb. 102:733-745.
doi:10.1017/S0021859600042301

Waurr, D. C. E., J. R. Fellows, and A. J. Pittam. 1987. The
influence of plant raising conditions and transplant
age on the growth and development of crisp lettuce.
J. Agric. Sci. Camb. 109:573-581. doi:10.1017/
S002185960008179X

Wurr, D. C. E., J. R. Fellows, and R. F. Suckling. 1988.
Crop continuity and prediction of maturity in the
crisp lettuce variety Saladin. J. Agric. Sci. Camb.
111:481-486. doi:10.1017/S0021859600083672

Yang, C. F. and T. C. Lin. 2017. Establishment of dynam-
ic growth model of lettuce in subtropical region.
Res. Bull. Tainan Dist. Agric. Res. Ext. Sta. 70:56—
66. (in Chinese with English abstract)

Yang, C. F. and T. C. Lin. 2019. Sensitivity analysis
of growth mode of lettuce in subtropical green-
house. J. Taiwan Agric. Eng. 65(2):23-33. (in
Chinese with English abstract) doi:10.29974/
JTAE.201906_65(2).0003

Zarza-Silva, H. A., T. Maruo, M. Takagaki, M. Hohjo,
and Y. Shinohara. 2005. Lettuce production using a
commercial scale recirculated capillary hydroponic
system. Jpn. J. Trop. Agr. 49:45-52. doi:10.11248/
jstal957.49.45

Zhang, L., Z. Xu, D. Xu, J. Ma, Y. Chen, and Z. Fu. 2020.
Growth monitoring of greenhouse lettuce based on

a convolutional neural network. Hortic. Res. 7:124.
do0i:10.1038/s41438-020-00345-6

Zink, F. W. and M. Yamaguchi. 1962. Studies on the
growth rate and nutrient absorption of head lettuce.
Hilgardia. 32:471-500.



ARG REBR S E R A R 269

Evaluation of the Relationship between Growth
Variations of Crisphead Lettuce and Climate
Conditions through Growth Analysis and Modeling

Chu-Chung Chen'”?, Dar-Yuan Lee’, and Kai-Wei Juang®"

Abstract

Chen, C. C., D. Y. Lee, and K. W. Juang. 2021. Evaluation of the relationship between
growth variations of crisphead lettuce and climate conditions through growth analysis and
modeling. J. Taiwan Agric. Res. 70(4):253-269.

Crisphead lettuce (Lactuca sativa L.), which is often grown in cool-season region in Taiwan is
the flagship vegetable for export. Because high temperature will cause bolting without head forma-
tion (i.e., heading), head lettuce is often cultivated from early autumn until the following spring. The
relationship between lettuce growth variations and seasonal climate conditions was investigated by
modeling parameters in plant physiology to positively develop a smart management system for lettuce
production in the field. Only leafy head (i.e., curly inner leaves) of crisphead lettuce has a market val-
ue; outer leaves are mainly used for protection during harvest, storage and transportation. However,
outer leaves play an important role in plant physiology by providing photosynthate (i.e., source) to
support leafy head, which is the primary utilizer of photosynthate (i.e., sink) for growing inner leaves.
Growth of outer leaves could be used as an index for the yield of leafy head during harvest and
planting management. This study was conducted in two experimental sites no. 427 and 382 located
at Erlun Township, Yunlin County during the period 2017-2018. Growth of lettuce plants was mea-
sured in three cropping seasons (1/2017, 11/2017 and 1/2018). In order to investigate the relationship
between growth variations and climate conditions, the Malthusian growth model was used to estimate
physiological parameters: relative growth rate (RGR) and relative leaf-growth rate (RLR). The results
revealed that both RGR and RLR were related to the growth variations of lettuce in three cropping
seasons, which would be due to the seasonal climate changes. Higher monthly average temperature
and longer monthly daylight hours enhanced the biomass accumulation and leaf area expanding.
Within cropping season, the gradual increases of average temperature and daylight hours were also
beneficial for plant growth. In addition, the growth models for estimation of RGR and RLR were used
to simulate net assimilation rates (NARs) in shoot, given that all leaves or outer leaves were the pri-
mary source of photosynthate. Based on the simulated curves of NAR, outer leaves provided most of
photosynthates, which were transferred into shoots to promote area expanding and dry mass accumu-
lation of curly inner leaves in leafy head. The intersection of both simulated curves of NAR derived
from the outer leaves and all leaves indicated the date of hearting. Eventually, an average of growing
degree days (GDD = 735) was suggested to be as an index of harvest date.

Key words: Exponential function, Relative growth rate (RGR), Leaf area ratio (LAR), Net assimila-
tion rate (NAR), Heading.
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Fig. 1. (A) Study area; (B) map indicating sample collection sites of rain water (LP), stream water (SW), and ground-
waters including Bagua Tableland groundwater (MG) and proximal-fan groundwater (PG) in the Changhua plain.
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Table 1. Stable isotopic compositions and Cl” concentration of stream water and groundwater of this study.

Sample Sampled date 50 (%o) 8°H (%o) CI' (mg L")
Stream water of Zhuoshuixi (SW)

SW1 2017/2/10 -10.85 -75.3 3.0
2017/3/10 -10.37 -71.3 4.1

2017/4/7 -10.18 -70.2 4.7

2017/5/5 -9.85 -66.5 3.2

2017/6/9 -10.13 -68.6 2.6

2017/7/14 -9.72 -66.5 3.2

2017/8/4 -10.54 -73.1 3.0

2017/9/11 -10.18 -68.1 3.7

2017/10/6 -10.76 -71.5 2.6

2017/11/10 -11.66 -77.7 4.4

2017/12/7 -11.05 -76.4 2.6

2018/1/11 -10.99 -77.0 2.4

2018/2/8 -10.47 -69.5 2.9

SW2 2017/2/10 -8.89 -63.4 54
2017/3/10 -8.32 -55.4 5.4

2017/4/7 -8.31 -55.9 7.9

2017/5/5 -9.60 -64.3 2.3

2017/6/9 -9.14 -61.7 2.7

2017/7/14 -9.05 -60.8 1.8

2017/8/4 -9.46 -64.1 4.1

2017/9/11 -8.73 -56.3 2.7

2017/10/6 -9.38 -63.2 2.6

2017/11/10 -10.46 -69.4 4.1

2017/12/7 -10.62 -74.5 2.5

2018/1/11 -10.73 -72.8 3.0

2018/2/8 -9.51 -64.5 3.9

SW3 2017/2/10 -9.42 -65.8 6.6
2017/3/10 -9.21 -60.4 7.1

2017/4/7 -9.00 -62.6 8.1

2017/5/5 -9.54 -64.9 3.5

2017/7/14 -9.96 -67.1 1.5

2017/8/4 -10.48 -71.2 4.5

2017/9/11 -10.78 -73.1 2.8

2017/10/6 -9.31 -62.1 3.4

2017/11/10 -10.32 -69.1 43

2017/12/7 -11.20 -74.8 2.4

2018/1/11 -10.51 -70.1 1.4

2018/2/8 -9.51 -62.9 4.5
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Table 1. Stable isotopic compositions and CI concentration of stream water and groundwater of this study. (continued)

Sample Sampled date 8"%0 (%) 8°H (%o) CI' (mg L")

SwW4 2017/2/10 -8.18 -57.0 13.1
2017/3/10 -9.38 -63.4 4.9

2017/4/7 -8.84 -61.0 9.8

2017/5/5 -9.67 -66.5 3.2

2017/6/9 -10.09 -66.7 2.7

2017/7/14 -9.14 -62.6 33

2017/8/4 -9.90 -66.6 4.4

2017/9/11 -8.87 -60.2 3.2

2017/10/6 -9.37 -63.2 6.1

2017/11/10 -9.48 -64.3 6.6

2017/12/7 -10.90 -73.2 3.2

2018/1/11 -10.62 -71.4 0.4

2018/2/8 -9.98 -66.6 2.8

Groundwater of Bagua Tableland (MG)

MG1 2017/3/23 -7.62 -52.0 11.0
2017/4/7 -1.57 -50.6 10.8

2017/5/5 -7.66 -51.8 9.8

2017/6/9 -7.87 -51.9 9.5

2017/7/14 -7.88 -51.1 12.5

2017/8/4 -7.85 -52.6 11.3

2017/9/11 -7.99 -50.3 11.1

2017/10/6 =791 -50.9 10.9

2017/11/10 -8.03 -52.1 10.2

2017/12/7 -1.74 -52.8 10.5

2018/1/11 =175 -51.7 9.1

2018/2/8 -7.62 -52.0 8.9

MG2 2017/6/9 -7.95 -51.8 10.0
2017/7/14 -7.82 -50.9 12.9

2017/8/4 -7.90 -52.5 10.8

2017/9/11 =791 -51.0 12.2

2017/10/6 -7.86 -51.7 10.9

2017/11/10 -7.78 -51.1 12.1

2017/12/7 -7.76 -50.9 9.6

2018/1/11 -7.76 -51.1 8.0

2018/2/8 -7.67 -51.5 9.1

MG3 2017/3/27 -8.00 -52.3 10.9
2017/4/7 -7.70 -51.9 10.5

2017/5/5 -7.88 -51.7 9.6

2017/6/9 -8.03 -51.4 9.8

2017/7/14 -8.12 -53.2 9.8

2017/8/4 -7.96 -52.3 10.8
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Table 1. Stable isotopic compositions and CI concentration of stream water and groundwater of this study. (continued)

Sample Sampled date 8"%0 (%) 8°H (%o) CI' (mg L")

2017/9/11 -7.83 -52.2 9.3

2017/10/6 -8.02 -53.1 6.9

2017/11/10 -7.88 -51.0 9.0

2017/12/7 -7.69 -51.8 8.5

2018/1/11 -8.01 -52.1 6.8

2018/2/8 -7.99 -53.5 3.4

MG4 2017/3/27 -7.83 -50.8 9.0
2017/4/7 -7.67 -51.8 9.5

2017/5/5 -7.73 -50.5 7.0

2017/6/9 -7.88 -50.6 6.5

2017/7/14 -7.82 -52.1 9.9

2017/8/4 -7.70 -49.4 8.9

2017/9/11 -7.74 -51.1 6.8

2017/10/6 -7.87 -52.2 6.8

2017/11/10 -8.24 -50.6 6.0

2017/12/7 -7.76 -51.5 7.3

2018/1/11 -7.79 -51.9 49

2018/2/8 -8.10 -51.6 5.7

MGS5 2017/3/27 -7.81 -51.2 9.8
2017/4/7 -7.93 -523 9.8

2017/5/5 =179 -50.3 8.5

2017/6/9 -7.97 -52.6 8.5

2017/7/14 -7.82 -53.4 10.6

2017/8/4 -7.73 -51.2 8.6

2017/9/11 -7.99 -52.4 8.3

2017/10/6 -7.98 -52.9 9.2

2017/11/10 -8.05 -51.2 6.6

2017/12/7 =177 -50.8 9.1

2018/1/11 -7.83 -51.3 5.5

2018/2/8 -8.09 -53.1 5.7

Proximal-fan groundwater of Changhua plain (PG)

PG3 2017/4/19 -8.27 -55.0 6.8
2017/9/6 -8.15 -54.4 7.7

PG4-1 2017/4/18 -8.74 -60.0 10.6
2017/9/6 -8.66 -60.5 9.8

PG4-2 2017/4/18 -8.44 -57.3 9.8
2017/9/6 -8.33 -57.8 9.1

PG5-1 2017/4/18 -8.67 -60.4 11.2

2017/9/6 -8.89 -60.7 10.6
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Table 1. Stable isotopic compositions and CI” concentration of stream water and groundwater of this study. (continued)
Sample Sampled date 8"%0 (%) 8°H (%o) CI' (mg L")
PG5-2 2017/4/18 -9.79 -67.3 4.2
2017/9/6 -9.88 -68.5 4.7
PGl 2017/4/12 -7.75 -51.3 10.4
2017/6/23 -7.52 -50.6 9.4
2017/8/25 -7.40 -48.7 11.2
2017/10/26 -7.53 -49.9 7.6
2017/12/8 -7.79 -49.9 6.6
2019/9/27 -1.27 -48.2 10.3
2019/12/7 -6.85 -46.9 9.6
PG2 2017/4/12 -7.77 -50.5 11.7
2017/6/23 -7.46 -49.3 10.9
2017/8/25 -7.37 -48.6 14.1
2017/10/26 -7.00 -49.2 10.3
2017/12/8 -8.03 -50.5 9.3
2019/9/27 -7.32 -48.3 12.0
2019/12/7 -7.13 -47.1 10.4
40 By -6.9 £2.5%0 ; &2 (11-3 H) ~ 8H FH1{H
F5-24.2 + 24.8%0 » 5"°0 P {E 5 -4.9 + 2.8%0 °
50 SO &ERAKZ CU R FEE R 1.95
. +1.04mgL' - XEEE1.59+12lmgL" >
2 ol HEZ{HF 246+ 111 mg L HR(HILE
o REFZMME -
70 —— Meteoric water line 5’%7]\’
X sw
e 3 we fir FA A ge i 12K B (SW1) 2 8°H
B e s 1 & o ATOVEIE S AR -T1.T + 3.9% B -10.5

50 (%0)

2. AHFEENEKEE > 80 B §°H (R (lE -
Hh R R HY PR K B A 6 08 Hh B S E i 3R R K R HY
E Peng et al. (2015) -

Fig. 2. Plot of 50 vs. 8°H of water samples of this
study. The isotopic meteoric water line of central Tai-
wan shown in the plot are derived from Peng et al.
(2015).

water) JUHEAT AR RIBIR 2 7K#G > EFERNIKEL
Nz fE{ER/KEE 2 IEK - IR Z R
SOEFEZIEBXFZEAK EZE (6-9H)
> 8'H EH{E B -48.8 £ 19.1%0 » "0 5 1H

+0.5%0 » firi TiHEZ/KES (SW4) 2 §°H 150
S E 4y R B -64.8 + 4.4%0 B1-9.6 + 0.7%0
(FE 1) o FHEKELZ § FHEE S EZEK
BE2ME o 5—HH > BEKSEZEEHEERAR
HIEE - AT AR /KE R 8H P H A -68.6 =
6.3%0 * 8'"°0 G 1H B -10.1 + 0.9%0 ; EFE 7
&"H Z191{H B -65.8 + 4.8%0 » 8" 0 FH91H & -9.7
+0.6%0 °

HPR7K 2 8 {HELER » 1BKZ & F I {EA
B K 2 8 E A - BE R Psl 2 K&
& (catchment effect) (Dutton et al. 2005) »
HEMr & S ERT ISR (Peng et al. 2010) -
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Fig. 3. Plots of (A) CI' vs. §"°0 and (B) CI' vs. 8°H of
groundwater of this study.

F2. HHEMMA (FE LP - SW ~ MG =#BEK 5%
PG3 T N KA RN -

Table 2. Fractions of relative contributions among
rain (LP), stream water (SW), and groundwater of Ba-

gua Tableland (MG) to the groundwater PG3 derived by
ternary end member mixing analysis (EMMA).

Contribution fraction

PG”
sample Rip (%) Rsy (%0) Ry (%)
PG3 6" 8" 27 27" 67" 65

“ PG: plain groundwater.

¥ Tracer pair of 80 and CI" used in ternary EMMA [Eqs (4)—
(6)].

* Tracer pair of §°H and CI used in ternary EMMA [Eqs (4)-
()]

B70% 4

(8)] #FAdi SW ~ MG =1l Ji /K 8 53 51| ¥ PG5-2
HERKE » &RV FE3 - HFER 3 ER > SW
K MG I JF 7K 8 % PGS-2 1Y & Bt FE 45 R4y
99% B 1% - [E45 IR PGS-2 Ml /K5 P
R E EKIZIEK o

H#E o (i 3 > bk PG3 B PG5-2 4p » H
% PG4-1 ~ PG4-2 ~ PG5-1 ~ PG1 ~ PG2 #f F /K
BT MG (JUEMLBE T K) BB - 2R iE
g K 2 CUBEAIEL LP ~ SW ~ MG =l
TRK S 2 IR By 0 H8E MG (JUEPLL
#FK) 2 ERRE 11 mg L (& 3) @ KL
JBSErEE o A CUEE SRR » HHE 3
HET » PG4-1 ~PG4-2 ~ PG5-1 Y555/ SW B MG
iR K#SFE 0 1 PG1 ~ PG2 FEBL A LP B
MG Ui 5K B8R « RIE - AHBFZE 53 BIFI A 8'°0
o 8°H E By He] > DLl %5 EMMA [ = (7)-
(8)] &Efd SW ~ MG I 7K B8 43 1l S BRI H:
# K 7K PG4-1 ~ PG4-2 ~ PG5-1 ~ PG5-2 () &
A > DURERAE LP ~ MG il /K 88 43 Bl ¥
BN K PG1 ~ PG2 IV ERVE » 455
HERZR 3 - R 3 Bor » BN T /KT
[l > Bk PG5-2 4k - SW Y E BRE 4 26-59% >
L) 40% > MG Y E R FE4T 41-74% > 15
47 60% - MEME > HATE 78R SW
PG5-2 HRE %2 100% - 112 FEREH T
K J5iE » LP 81 MG %f PG1 ~ PG2 ) 15 & Bt
FEE 43 R4 17% B 83% o

3. DI s EMMA (i B B O B 2P IR
N IKAAE S R -

Table 3. Fractions of relative contributions of rain
(LP), stream water (SW), or groundwater of Bagua
Tableland (MG) to the groundwater of Changhua plain
(PG) by binary end member mixing analysis (EMMA).

Contribution fraction

facr}nple Ryp (%) Rgy (%) Ry (%)

PG4-1 42° 57 58° 43¥
PG4-2 26" 39 74° 61"
PG5-1 46° 59¥ 54* 417
PG5-2 99* 1077 1 -7
PGl 18* 13” 82° 87
PG2 19* 15" 81° 85"

“ Single tracer of 8'°0 used in binary EMMA [Egs (7)—(8)].
¥ Single tracer of §°H used in binary EMMA [Eqs (7)—(8)].
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2 KRR 3 ZERE AL RAS FALE Hit
frEE (E 1) o Fln/KFHZE R H (PG4-1,
PG4-2, PG5-1, PGS-2) ZukH-fir B FHE
BEH (PG, PG2) SHEEHT & /K% 00 - Hit
Hith FAKEHEEEZH SW HBUE - HEm
= > PGl ~ PG2 # PG4-1 - PG4-2 ~ PG5-1 ~
PG5-2 ST\l - R T /KA M g
% MG BRE -

FHM—{EH BHR G ZE » LP (IHFEEFRI7K)
HIE RS EERS T E4Y 0-19% > /R 10% »
BRI SW ~ MG iR /KA E R © 8 H R
R RE M FE & LP AR OKE) B/ R
SW MG “#HEIIEHE/KER OKE) (@& 1);
BE A AL B KRS AR R AR
JEFIREEEE - PR T 0T & PR K T B RHE -
INENLI R IKEGR SR

PRIZK A b2 \EMLHE KR Z — 0 28
AT A AR BURFAE J\ENL BT s 3t 52 T K 35
23 (Ministry of Economic Affairs 2007) » [
s e [ EERIES [ BKREKE NE LA
HEEMRED AR SBFEITEIEEN -
It o BEoR BE/K IR KHT B K IREE N B REE
J\EMUZ K -

RIBE R (7)—(8) » DAPR 7K K & 7K % % 7K i
Fs Z Ui 5 > 43 BIEALL 810 ~ §8°H B C1 MIME fif
FPR K R & K% %7K 8 VR Lt K 2
HEVE o ERVINFE 4 HE 4R D800
2 8°H {E Ry rHeR - 5T E TS 2 RKEVEML

4. HEMMA {E5 LP & SW b KR/
Lt 7K IR R -

Table 4. Fractions of relative contributions among
rain (LP) and stream water (SW) to the groundwater of
Bagua Tableland (MG) derived by binary end member
mixing analysis (EMMA).

Contribution fraction

MG sample Ry (%) Rsy (%)

MG 49° 47 517 53"
MG2 48" 47 507 53"
MG3 45° 45 55° 55"
MG4 47° 48 537 527
MG5 46* 46” 54* 54

“ Single tracer of §'°0 used in binary EMMA [Egs (7)—(8)].
¥ Single tracer of §°H used in binary EMMA [Eqs (7)—(8)].

T K B B B FE By 45-49% 0 JEIKIEIE K 51—
55% o
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CIHIME A 78 F 7 bt 1B EMMA {55 - 5] 48
R\ EMLH K2 BIERE > AEEINEN
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Table 5. Contributions of stream water of Zhuoshuixi to the groundwater of Changhua plain (PG).

PG sample Direct contribution” (%) Indirect contribution® (%) Total contribution™ (%)
PG3 27 35 [= (53%) (66%)] 62
PG4-1 50 27 [=(53%) (51%)] 77
PG4-2 33 36 [=(53%) (68%)] 69
PG5-1 53 25 [= (53%) (48%)] 78
PG5-2 100 0 [=(53%) (0%)] 100
PG1 0 45 [= (53%) (85%)] 45
PG2 0 42 [= (53%) (83%)] 4

“ The mean Rgy, value of each groundwater in Tables 2 or 3.

¥ The indirect contribution is the product of the mean Ry, of each groundwater in Tables 2 and 3 and the mean Ry, (ca. 53%) in Ta-

ble 4.

* Total contribution = direct contribution + indirect contribution.
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Verifying the Circularity of Agricultural Water Using
Natural Tracer-Based End Member Mixing Analysis:
A Case Study of the Proximal-Fan Region of Changhua

Tsang-Sen Liu', Yu-Wen Lin’, Wen-Jun Zhan’, and Tsung-Ren Peng*’

Abstract

Liu, T. S., Y. W. Lin, W. J. Zhan, and T. R. Peng. 2021. Verifying the circularity of
agricultural water using natural tracer-based end member mixing analysis: A case study of
the proximal-fan region of Changhua. J. Taiwan Agric. Res. 70(4):271-284.

This study employed the end member mixing analysis (EMMA) approach constructed with
hydrogen/oxygen isotopes (8'°0/6°H) and chloride-ion (CI') concentration to study the sources of
groundwater in proximal-fan region and Bagua Tableland in Changhua County, Taiwan. This study
also depicted the relationship among Zhuoshuixi stream water, Bagua Tableland groundwater, and
plain groundwater in the proximal-fan region. The results indicate that approximately 47% of Ba-
gua-Tableland groundwater comes from rainwater infiltration, and the remaining 53% from Zhu-
oshuixi stream water. The Zhuoshuixi stream water is the main source recharging groundwater in
Changhua Plain, accounting for 68% of the total recharge of the proximal-fan groundwater. Of 68%,
approximately 38% comes from direct recharge via the riverbed, and other 30% comes from the Ba-
gua Tableland groundwater containing the stream water derived from the Zhuoshuixi. In other words,
Zhuoshuixi stream water can be streamed to Bagua Tableland for irrigation. Thereafter, part of and
the irrigation water may percolate to form groundwater of the Bagua Tableland, which then recharges
groundwater in the Changhua Plain. This study not only semi-quantitatively confirms the importance
of stream water of Zhuoshuixi to groundwater of Changhua Plain, but also verifies the circularity of
agricultural irrigation water.

Key words: Agricultural irrigation water, Stable hydrogen and oxygen isotopes, Natural tracer ap-
proach, Proximal-fan groundwater, Changhua.
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Tt ma ) H S S L /K FR i e @ [ Nilaparvata lugens (Stal)] Eil
H Rz [Sogatella furcifera (Horvath)| 2 2= EEREE(S

WA EFE

e

FARASE] ~ BENFUS 0 2021 o i R M E KRG tE R [Nilaparvata lugens (Stal)] B H %
TRk [Sogatella furcifera (Horvath)] 22 ZE N SEEEAE o /B ESENTSE 70(4):285-297 -

KBF R AR B EAT ik R e 07 B RS 20 FE R R B BE ¥ 2016 F 5 R ILE AR 2 RAGAE K & [Nila-
parvata lugens (Stal)] & & ¥ #& & [Sogatella furcifera (Horvath)] ##F 4-5 #4525 s X AR » & RETAER
AR B R AG T RERARRSER 2L 48.34% T A fRKAREFLE & 16% TR T KR
Mgl o LI FE N B 84.7% & 93.4% » R B 20% iE4F b AR H A 20% ik A LA 0 BT FR A
69.0-80.3% ; PABRW IFHEERRIBRBREILAR > RAERSZER L 75% BRAW RIS F] & 48.34%
T I A RIKARIEIUA] » BIRFE N 75.7-91.0% * M EHF REL B FRSGZER AL 20% Fik 5w H
48.34% T A ARk AR IR FUB] B 25% ThikF T AR » ARTEEH REIHAFH L 84T% - tx6 4 £
ARG RBAT 0 AEH 20% A R ARRMEER  48.34% T HAntRKAR I SLEI & 20% Bk EILEIF 3B L
RSB REAGH RELARERCARZER > BRI RGERGEERER L 28R
AL o o Bl w M R R BUAREA AR E F R AR R R IR AR

RASEEE - fEd, - BRI - AR - SERIEARL - BRETREEE

Z 8% (Cheng 1976) - [th ok » #& 7R & AT &t i
R/ B s E B KM R B LR (rice grassy
& edx [Nilaparvata lugens (Stal)] Ko H & stunt virus; RGSV) ~ 54545 (L (rice ragged
TR [Sogatella furcifera (Horvath)] F7K# (Oryza stunt virus; RRSV) K2 EE (LS (rice wilt-
sativa L.) Z EHEE s > FR L E A RERE ed stunt virus; RWSV) (Chen & Chiu 1989;
Bred) > REFEEREGEENRREMEDEMNAKRE  Cabauatan ef al. 2009) ; [ RETH /5 5
kg & (Dyck & Thomas 1979) » [ { i ¢ IKFEG B IZEYE A (southern rice black streaked
d N BB F W H (Hemiptera) fi{i# on H dwarf virus; SRBSDV) EJHEHIFEZE (Xu et al.
(Fulgoromorpha) f&#&F} (Delphacidae) &5 ° 2012) -
W faE T BN KRR E BEBGE B & 0 REFER SR+
A BAR e 20 O 25 8 B R B KRB R 800 SEHEAMB A - 1R R O B TR ERIA G KRS
EHEMRANEINEE » FEKEIERRER Rt AR 25 R QRO L - KIS 4 5 W1 HARN =]
B E R EUKRRE - E2HEKEE%REN BARNHBEILGERH  BE&3-4HAENT B
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B E I FEREE PR E R R 2 B E R
da R RE AT B S i3, (Sogawa et al.
2003, 2009) » HFTAFEEE NS R IR 5 E R
£ 78 AR R T (Cheng & Huang 2004) »
K% 4 Faa AR AT REbE 2 D8 - IBANEAZ
te i & B & xR T B B EF B T KoK
T2 ERE 2 BRI 2 Js2 IR 2 B8
Wl 2 2228 (Matsumura et al. 2008) » 55 7l &
FEDEERE T EHMIE - B inEER
TN S E TN - CHESEE DL
EMEHEREERN S  TEEEEREE
(Matsumura et al. 2009) » [K [ ¥ 38 4 E &
REREZE T 2 Z 58 e EERRT
RN BB E R HZEEL > haZEH
ZEBETIE -

{BEERG & AT BB Ky B IR BT /K P el
BreEsIEmenkits— > BRiaEELh
A2 BERITE SRR RIH S s AN M e E TR
RS RBENASSERN TKEBRE
Z BEW 2L 69 1E > (KA R IR T 43 AR 32
T Hp R A B EREER S 53% ~ GRbRER
FBEEE 16% ~ HE T T B A I LR
%5 9% 5 AMPIE R F R Z ERIAR2EE
O UKiEREERE, 2 EEEIETA 22 0 RARL
B Sy TR R AT 43 i 12 e HL B R J0E {50 FH B2
(Plant Protection Manual 2021) » [R It 2 & 7F
H 7 R~ SERIEEE [ B R BUE TR E — D)
A AR E e &g B BERIE 1970 £
RBELES TR E  IH 1977 F£1&FER
B 5 SO EEE A T I A 28558 (Cheng & Liu
1978) » [H{F1RKE A 2 2 ER&EIER - B
| R AN AR BB SRR
SEFEE 2 - (H[E I O B RN B 2 FE R
INRHERL » R AT IS AR IR 1T 8 50 I AE
i f HEER - H BRI BhE £ ERERE
B st 2016 FREME 2 BREKAE
e R BE DUERINE AR A ~ BRE R EEAEITESE
R AR AL TS A 2 T
F e FEEH BRI EE Y R R L -

rere

]

70 % 541

MEEGE

HilSRFEREEDT

At i 2 TR s S 3 5 R sl B 22
Fy2016 4 5 ZEG R /KREH (23°31'37.3"N,
120°26'01.8"E) % - NEEAEEHB TR E
o DLUE SR AR KAEERE TR R 67 5%, K TB
TEAR 157, 1F Fyte e Ko H 8 R 2 galiel /KR o
fAENEMEEREAN (R92em - H47 cm ~ 5
81 cm) » XK FEER 0 DIEE 4 N2
s R R ER A -
AR il R

A B st 2 20 o 7 2 Bl 2 % S
— T E L2 BEEITHERS - S A 2 5 R
(280 16.00% T2 T (clothianidin) /K%
PERLE (TZBAEERMDARAE - 8EENE)
3,000% ~ 25.00% ZE# % (thiamethoxam) /K&

MERE (B8R EERGARAT » GEBGIL
i) 10,000x ~ 75.00% EX#%H2A (acephate) 7KI%

MR GEEEYVRE RN AERAE  6E6
JE7) 1,500 ~ 10.00% FJ# % (permethrin) %,
il (e J& A= R B 3 A BR A F) 2,000 ~
20.00% #ER5FE (dinotefuran) /KA MR (G
Rt ARAE - GEEET) 3,000% ~ 20.00%
k5 (benfuracarb) ALK GERMEMRATEIR
NE - BEBKET) 500% ~20.00% SF{EF] (fen-
valerate) HH| (FE(LER B ARAE » 68
T 3,000% ~ 48.34% T B IR ER (carbo-
sulfan) /KA ZL Al (G2 BB ER B ARAD F)
1,000x ~ 10.00% {7552 (etofenprox) FH| (&
SRIEMEGARAT  8EGHH) 750x
50.00% T E:Jg 0 & (fenobucarb) LA (H EZF}
R ARAE > 2EGETT) 1,000% ~ 9.60%
i 2% (imidacloprid) AR (&M HKMH
[RAE - GEGIEH) 3,000% ~ 50.00% Jg L6 &
(isoprocarb; MIPC) HJ &My Al (H (£ B2 52 i
MAERAE - BEEILT) 5,000x ~ 25.00% Jk
HF (pymetrozine) AR (& RS2 5%
e AIRAE - GERET) 1,500% ~ 10.00%
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FIEM (flonicamid) 7K BRI Al (58 A R
EXERDERAE > &E&1EH) 2,000%
40.00% 41 /5 15 (methomyl) 7K ¥4 KL & (&
BHIEODERAT > &EaIETH) 800x
25.00% A 55 /% (buprofezin) =] j& M #y Al (H
ERERGAMRAE) 1,500 + 85.00% fl {7
F (carbaryl) B[R (H ERHZ R AR
2NE]) 1,700% K2 50.00% Z2FF (propoxur) AJ &
M (HERERGARAF) 1,000x o 5
Fh > 40.00% T ENIGREEFDREM I R L2
B ETRAT) K 18.20% 25l ARG (H 2

PG ERAT) 42 HE0ER T - AHE
BRI A5 (active ingredient; AT) JERE#E
THCE @ MREEER 1,067x K 5,688x (£ 1) »
e bAoA [FlEE ) 2 MRk 2 8 DAZA /KA TRC
E o
DEEIEMAT GRRZEEBRERH
BRI BIEHER

HY 15 Efa e o 5 e 4-5 o a5 0 DL
TR KLY 5-10 s 1% EPEBFEIE
A (A9 em) ZHBEEEN (A9 cm) > F|

1. SERPT AR B ~ RIS - BRI R -
Table 1. The chemical group, nominal concentration, formulation and active ingredient concentration of the insecti-
cides.
Nominal Al concentration”
Common name Chemical group concentration Formulation® Dilution times (mgL™)
Acephate Organophosphate 75.00% SP 1,500 500.0
Benfuracarb Carbamate 20.00% EC 500 400.0
Buprofezin Chitin biosynthesis inhibitor 25.00% WP 1,500 166.7
Carbaryl Carbamate 85.00% WP 1,700 500.0
Carbosulfan Carbamate 40.00% WP 1,067 374.9
Carbosulfan Carbamate 48.34% EwW 1,000 483.4
Clothianidin Neonicotinoid 16.00% SG 3,000 53.3
Dinotefuran Neonicotinoid 20.00% SG 3,000 66.7
Etofenprox Pyrethroid 10.00% EC 750 1333
Fenobucarb Carbamate 50.00% EC 1,000 500.0
Fenvalerate Pyrethroid 20.00% EC 3,000 66.7
Flonicamid Selective homopteran feeding 10.00% WG 2,000 50.0
blockers
Imidacloprid Neonicotinoid 9.60% SL 3,000 32.0
Imidacloprid Neonicotinoid 18.20% SC 5,688 32.0
Isoprocarb Carbamate 50.00% WP 5,000 500.0
Methomyl Carbamate 40.00% SG 800 500.0
Permethrin Pyrethroid 10.00% EC 2,000 50.0
Propoxur Carbamate 50.00% WP 1,000 500.0
Pymetrozine Selective homopteran feeding 25.00% WP 1,500 166.7
blockers
Thiamethoxam Neonicotine 25.00% SG 10,000 25.0

“ EC: emulsifiable concentrate; EW: emulsion, oil in water; SC: suspension concentrate; SG: water soluble granule; SL: soluble con-
centrate; SP: water soluble powder; WG: water dispersible granule; WP: wettable powder.
¥ Al concentration: The concentration of active ingredient of the insecticides.
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i

FAE g5 (Potter spray tower, Burkard Manufac-

turing Co., Ltd., UK) » DA BRIESE (10 1b in?)
LSRR S A P aR e - BIEEEEE &
3mL A PAZEEEKAE R 4 - BEHE 3 =
& Rk e 2 LA /K e 2 B AR
(B 7Tem -~ 512 em) > R0 1~ 2 k3 d 1%
B2 S0 PR aR RO SE UK - @SSR A A )7 =
Ry e e ME T B0 2k 25 S FERE JT1RL R SE T [In-

secticide Resistance Action Committee (IRAC)
2012] -
PUKIEME R 85 R A 22 B B e R 2t
REABMREZ BIEHER

o BE AR KRR B B 52 202 /7t 400-450 mL
e SR R K - IRENFHELY 10 s > =
HERBENIENE 1-2 h EEZ 20 - GER
Fa IR 1% 2 KRR I A B (B 7 em
= 12 cm) > R A8 TR &k B B TR 4-5
Wte BEELISE FrMH3EE RNk
B 12 3 dBIRW LRIt TR - &
AESE R AE 7 = Ry & G HE T 3 _E 0k K R e
RENIHLRIET (IRAC 2012)

HHEt DT
REBFTRE 2 SBESET R 2 FRIESRT
AT (Abbott 1925) FHREIER Z BT - 1
IESEC RSB TER T2 T 27 (two-way
analysis of variance; two-way ANOVA) » F L
/N 7= BRI EG L (Fisher’s least significant
difference test; LSD test) #EfTLLET (P < 0.05) »

R
PAZEE|IBm ARG aEEERERE
BREEFE

DL g 7 v A7 2 M0 5 20 e B RO EE A B 5D
RS TN e R BOER - SERsE R0z 2 B
o H DL 48.34% T AR B K E AL 2
B BB R R 0 PEER 3 d > 1R
TRIE TR 84.7% = 1] 20% ik v ALH ~ 25%
BB K BRI ~ 50% T FR 0 S AL
20% 2 FF e 7K M i B 10% T 6 58 ALBI
5TEEER| 2 R > RIS RGN ER 3 dik > 18

rere

]

70 % 541

FEERIE T By 70.7-80.3% » Eil 48.34% T A
IREKEAR Z R E =R - Hrp > &
Fimd ~ TEMORB R T B ESNHEE 1 d g
BIA B 2 i aa O » BRI R 81.7%
71.3% ke 73.7% » SHAMIEEAEERIE O & Rk 2
BOERERNFE 3 PR 0 16% B8 T AKF MR
PR » H B R 2 SE T A H A L5 ZE
PR Fs i AHEER 1 d > AFRESETE
Bl 88.9% > 3 d % 2 SE T % & 93.4% - ffij
20% 72 %5 B K PR ~ 75% Bk Fa /KO 1
KRR~ 25% OB F TR MR B K 20% R
FLRPRH 2 A B et - figErz 3 d 2SR T A
A 69.0-80.0% o
PUKIEME S8R A 2T B RE
REEREZFE

KRR V= B 1R M B 5] BE ) S04 e i
ZESEER > SERAWE 4PN Rl EER o DL
75% BRAHAZK S MR T ¥ 2 A 2 BRI i By
BHE > e RE N R EERLE 3 d R 2SR TR
2 91.0% » BUOERUR H A Fy 48.34% T A xR
FRAKEFLH > BAREIE T EF 75.7% » WifEZE
BTG R 2 JE T R R E 5 - 16% F]ET
KB MEARLE ~ 20% kv AL ~ 50% 2 A
MR ~ 25% JOBF RTUR MK T~ 10% 9
JE K AT BRI ~ 25% AR5 % a] R M T K
40% T ARk AR MR B G2 R A A 57.7-

% 2.3% Z FETH o SHo1 It S S 1 5 e
ZHFEAE FAIWER 5 B 0 DL 20% kT A
Pl ~ 48.34% T HNNORER K EE FL K 25%
SFERME TR ST U R BER
3d & ZIETHRE R 84.7% » 1 20% FLFIA
i~ 25% B KB MERE ~ 10% & JE kK
53 BCME R Ko 40% 499 7% 15 7K 72 1 R 7 5 g B
T B IE TR A A 69.0-76.0% » | it % EE |
i ] 2 BOE R S A A2 5L o

=4=A

e
R4S BB URIRT T B S0 A [B] S 79 e 2
B e ARG 2 SR B A E K
H o R DL A A B K RE i i 2 g8 L
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2. FIFHSERIEAR A NS R B SO 2 R &R

Table 2. Insecticidal effects of the insecticides against Nilapravata lugens by using tower spray method.

Cumulative mortality (mean = SD, %)

Pesticide commodity Day 1 Day 2 Day 3
Acephate 75% SP” 31.0+3.5fg" 40.0+7.0 cd 423 +8.1 fgh
Benfuracarb 20% EC 56.0 £ 10.1 cd 74.0+203a 80.3+£10.3 ab
Buprofezin 25% WP 0.7+1.2h 43+40¢g 20.0+£3.51
Carbaryl 85% WP 0.7+1.2h 17.7+7.5 efg 31.0+0.0 hi
Carbosulfan 40% WP 20+0.0h 9.0+£7.0fg 443 +£24.1 fgh
Carbosulfan 48.34% EW 71.3+10.3 ab 76.0+17.1a 847+75a
Clothianidin 16% SG 73.0+11.3 ab 64.3 £15.0 ab 60.0 + 11.3 cdef
Dinotefuran 20% SG 81.7+10.6a 77.7+4.0a 74.0 + 0.0 abc
Etofenprox 10% EC 31.3+75fF 45.0£7.0 bed 53.7 £ 8.1 defg
Fenobucarb 50% EC 73.7+10.0 ab 76.0+6.0a 76.0 £6.9 abc
Fenvalerate 20% EC 28.7+£251fg 31.3+5.0cde 48.7 £ 14.6 efgh
Flonicamid 10% WG 180+0.0¢g 26.7 £4.0 def 49.0 £ 17.6 efgh
Imidacloprid 9.6% SL 32.0+4.6ef 36.3+13.7 cde 48.3 £ 10.8 efgh
Imidacloprid 18.2% SC 22.0+7.0fg 50.3+8.1bc 53.3+£7.5 defg
Isoprocarb 50% WP 277 +1.21g 37.0 £ 10.0 cde 53.0 + 6.0 defg
Methomyl 40% SG 447+ 6.5 de 44.7 £ 15.0 bed 49.0 +13.0 efgh
Permethrin 10% EC 34.0£10.0 ef 36.3+22.3 cde 70.7 £ 17.0 abed
Propoxur 50% WP 0.0£0.0h 11.3+4.0fg 37.7+6.5 ghi
Pymetrozine 25% WP 57.7+4.0 cd 48.7+7.5bc 64.7 + 4.0 bede
Thiamethoxam 25% SG 64.3 £20.5 be 60.3 +£22.5ab 78.0 £ 10.1 abc

* Mortality rates were corrected with control using Abbott’s formula.

¥ EC: emulsifiable concentrate; EW: emulsion, oil in water; SC: suspension concentrate; SG: water soluble granule; SL: soluble con-
centrate; SP: water soluble powder; WG: water dispersible granule; WP: wettable powder.
*Values in the same column with different letters show significant difference by the lease significant difference (LSD) test at 5%

level.

TTHIE > [FIR S AR B R s R 2
ZERITEEE /D > GFEMmE R 7 A &8 2 5
FEEEE L > 20% 2Ry EE KA R LA ~ 48.34%
T EIIR B KB AL K 20% G4k 58 AL 3
el B ) S5 e TRl A S L B 2 BOSERUR -
Horpo 48.34% T H R B 7K B 2L B A R
Ty AEIE 2 40% T AN prik ml R R A R
Tl et e A [ 07 2OHIG 2 A ma U R Al A B %
7= WPAB MRS E MR - WSR2 H
BT RS 1.3 fATE R - R TE R
W 2 BRRE b TIB SRR 48.34% T AR
FROKFE LB HETTRR G - W Em BRI - H4h >
J& A7 TR ] 7 BRGSO SR A S LAt
W E 2 FHEE - HHRABARNZSHE
#FHE A& (acceptable daily intake; ADI) % FI|4&

EEH (<80% ADI) ZHE » VY5
ELH 2018 £F 8 F 5 HLH1 FofR il 6 S0 1 2 2
i 7> KR B P s ]

PRt [E ZERDAE 7 A e R R TR
2 8 0 AR DL EER A A R R Bk
BT > SEREUNHE SRR RET
2B T E T B 2 EER DARE AR A i B 2 SR
USRI R 8874 B O B - A 7 HI R
B AR - (LRERG 2 EAGHER
MR A E - 3 E R EERAE 2 05 R A
[E (Portilla et al. 2018) » Gerami (2013) FI|F]
NEERH T MERREE (Aphis gossypii
Glover) HfEt T HHEER| 2 Ji2 M - & REUR
L 1R S o 8 0 U i o R R BE R R
Hf% o WTEZER] 2 B EERE (lethal dose;
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Table 3. Insecticidal effects of the insecticides against Sogatella furcifera by using tower spray method.

Cumulative mortality (mean = SD, %)

Pesticide commodity Day 1 Day 2 Day 3
Acephate 75% SP” 68.4+500b" 71.2+82bc 77.6 +2.7 be
Benfuracarb 20% EC 53.4+39bc 60.0+7.7cd 69.0 + 13.3 bede
Buprofezin 25% WP 9.0+35f 28.7 +£4.5 ghi 37.7+4.0 jkl
Carbaryl 85% WP 9.0+£35f 17.7+13.5ij 263+11.51
Carbosulfan 40% WP 9.0+£35f 13.3+£4.0j 26.7+6.51
Carbosulfan 48.34% EW 24.0+8.1ef 349 +£7.7 fgh 47.8 £5.1 hij
Clothianidin 16% SG 889+19.2a 934+39a 934+00a
Dinotefuran 20% SG 68.6+69b 755+6.7b 80.0+4.1b
Etofenprox 10% EC 20.8 £ 129 ef 25.4 £ 11.8 hij 30.0+£12.0 kl
Fenobucarb 50% EC 214+ 14.0ef 41.1+10.7 efg 51.8 8.9 ghi
Fenvalerate 20% EC 11.1+£3.8f 22.2+6.7 hijj 40.0 + 6.7 ijk
Flonicamid 10% WG 443+103 cd 62.7+4.0 bc 64.3 +£7.5 def
Imidacloprid 9.6% SL 53.7+5.7bc 60.0£9.6 cd 63.7 +£4.7 defg
Imidacloprid 18.2% SC 62.3£4.5bc 68.3+£1.2bc 67.0 £ 3.6 cde
Isoprocarb 50% WP 31.0+£10.1 de 47.0 +17.1 def 61.3 +8.0 efg
Methomyl 40% SG 7.0+£0.0f 17.7+6.5ij 37.7+4.0 jkl
Permethrin 10% EC 154+ 104 ef 31.7+5.1 gh 52.1+7.0 fgh
Propoxur 50% WP 11.0+£3.5fF 17.7+0.6 ij 35.7+10.3 jkl
Pymetrozine 25% WP 243 +4.0ef 62.7+4.0 bc 73.7+4.0 bed
Thiamethoxam 25% SG 44.5+75cd 49.0 £10.2 de 64.4+7.7de

* Mortality rates were corrected with control using Abbott’s formula.
¥ EC: emulsifiable concentrate; EW: emulsion, oil in water; SC: suspension concentrate; SG: water soluble granule; SL: soluble con-

centrate; SP: water soluble powder; WG: water dispersible granule; WP: wettable powder.

*Values in the same column with different letters show significant difference by the lease significant difference (LSD) test at 5%

level.

LDy, EHBIERER]
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ZIREFE R RIEK DR IR A EH % T E

H o i et T R [E R 2 R S
P (MacBean 2012) » FRHE{E FITA tHES 247 2 4
Bl FTEFEHAEYENRSEET  (HEE
ALt AN (Mullins 1993) > 28110 $ A BRI
[(Myzus persicae (Sulzer)] ~ MR (Diaphori-
na citri Kuwayama) % % ff - 3] H F & & BUR
HPiH &Y (antifeeding) 7 %5 (Nauen 1995;
Nauen et al. 1998; Boina et al. 2009; Byrne et al.
2017) > FIRERZ B BRI o R I DASE R AR
ARG B EET - d e BB B S A 5
2 (Gerami 2013) = F541 » AE Bl ol ZE 7 e
i H oy BERIA R oy A B S e
L s R+ B R A ol 2 e H T I A

A&l 2 A4 2 E T (insect growth regulator;
IGR) %535 » 7 Bl #& tH 52 B0 5 B AN 28 1T
HEIE & RS E MR T - RETEEGK
AN B E Raalil M E T - PUSER
T E A (topical application method) B %27 &
AAE S e 3 BT 46 A P 45 SRR K EA
#H (Heinrichs et al. 1984; Griffiths ef al. 1991,
Tsujimoto et al. 2016) » ZEFHIEA 77 =0 LUHE S
TR A IE R 2SI 2 5-10 d (Heinrichs ef al.
1984; Wang et al. 2008; IRAC 2012; Matsumura
et al. 2017) » BGET RSB FEBER L ET —F
REE B/ 2 EEEIERE (sublethal effect) #E
1TEEEEE (IRAC 2012; Roditakis et al. 2014;
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Table 4. Insecticidal effects of the insecticides against Nilaparvata lugens by using rice seedling dipping method.

Cumulative mortality (mean = SD, %)

Pesticide commodity Day 1 Day 2 Day 3
Acephate 75% SP” 243 +6.5de’ 75.7+250a 91.0+0.0a
Benfuracarb 20% EC 17.7+6.5ef 29.0£17.1 efg 58.0 + 7.0 bede
Buprofezin 25% WP 42.7+4.0 be 55.7+11.5 abc 64.7 £ 11.5 bed
Carbaryl 85% WP 11.0 £ 0.0 fgh 35.7 £ 13.5 cdef 51.3 £6.5 cdef
Carbosulfan 40% WP 18.0+£0.0 ef 40.0 + 10.1 cdef 57.7 £ 11.5 bede
Carbosulfan 48.34% EW 24.0+0.0 de 71.0+35a 75.7+8.1ab
Clothianidin 16% SG 11.7 £ 12.0 fgh 42.0 +30.0 bedef 60.3 +23.6 bed
Dinotefuran 20% SG 5.0 +£5.6 ghi 4.7+4.0hi 24.0+7.0 gh
Etofenprox 10% EC 7.3 +£6.4 ghi 31.0+17.1 defg 48.7 £23.6 def
Fenobucarb 50% EC 247+ 11.5de 46.7 + 11.5 bede 53.3 £10.7 cdef
Fenvalerate 20% EC 13.0 £ 10.1 fg 22.3 +13.6 fghi 39.7 £ 14.0 efg
Flonicamid 10% WG 53.3+4.0a 64.3 £4.0 ab 64.7 £ 6.5 bed
Imidacloprid 9.6% SL 0.0+£0.01 53+£9.2hi 13.3+23.1 hi
Imidacloprid 18.2% SC 23+4.0hi 11.3 £4.0 ghi 13.3+7.5hi
Isoprocarb 50% WP 4.0 +0.0 ghi 11.3 £8.1 ghi 46.7 + 8.1 def
Methomyl 40% SG 24.0+0.0 de 38.0 £ 3.5 cdef 47.0 3.5 def
Permethrin 10% EC 0.0+0.01 0.0+0.01 23+4.0i
Propoxur 50% WP 333+4.0cd 53.3+7.5 abed 62.7 +4.0 bed
Pymetrozine 25% WP 48.7 + 8.1 ab 55.7+13.5 abc 69.0 + 7.0 bc
Thiamethoxam 25% SG 9.7 +9.1 fghi 24.7 +£23.6 efgh 353+15.0fg

* Mortality rates were corrected with control using Abbott’s formula.

¥ EC: emulsifiable concentrate; EW: emulsion, oil in water; SC: suspension concentrate; SG: water soluble granule; SL: soluble con-
centrate; SP: water soluble powder; WG: water dispersible granule; WP: wettable powder.
*Values in the same column with different letters show significant difference by the lease significant difference (LSD) test at 5%

level.

Tsujimoto et al. 2016; Matsumura et al. 2017) »

PRI ANt 5 o 1 3 B g R Rl DA B 25 4%

b SR IIEHAL R AR -

TR SUBR e TR B 57 TR A [F] 2
e A B 2 &5 AR > BEHG T
5tk B E AL PR B SER R 1 i
(AE RS - T HFREREEES T
SETHI RN 2 M > 94 Huang (2013) 0 2007
2010 £ ] & 78 75 B 4 8 TR e R

Z R R D SR

B

iipd
Rk R EE AN > 3 d N2 BT RN L 8
SEFACHY S > W] RE B REEE T R TR Ry

BEZ &R -

BN R BURETR G o 2 b B i s 2 LgE
JE\fz# (Chung et al. 1982; Nagata et al. 2002) o
e e T BB & - B AL = A R
e DU 7 7K R R 15 6 45 2 26 A K R BEOK
W IERC R TR BrRESRAR
R TIEE Z EREEHNEE R AARE
&% 4 (Nagata er al. 2002; Matsumura et al.
2008, 2009) » 2006 4 [ 57 7% 1 & & 7R K2
B e a2 RS2 R4S SRR fe iR
TR LDsy £ 9.1-18.1 pg g » MHENEHE
Fedi i 2Rz~ LD;, (0.16-0.22 pg g) » BH

\BR S Rt et T 82 A [F] SE R B8 TR 22
Z R ER R Z T BB = > Hoop g B i
2016 £F [ 52 3 i 15 18 R S R 2 ik 8 38U R

W= 2 B (Matsumura et al. 2008) » 2009
e RoithlE o5 RS s R - 2R
R B R S (Matsumura et al. 2009;
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Table 5. Insecticidal effects of the insecticides against Sogatella furcifera by using rice seedling dipping method.
Cumulative mortality (mean = SD, %)
Pesticide commodity Day 1 Day 2 Day 3
Acephate 75% SP” 353 +14.0 cd* 46.7+11.5 efg 66.7 +14.0 be
Benfuracarb 20% EC 37.7+18.0cd 51.0 £25.4 def 84.7+65a
Buprofezin 25% WP 53.7+4.0 ab 64.3 £ 7.5 bed 66.7+ 8.1 be
Carbaryl 85% WP 23+40¢g 87+11.5] 133+£10.7¢g
Carbosulfan 40% WP 23+40¢g 11.0£10.1j 22.3+£103 fg
Carbosulfan 48.34% EW 31.0+17.6 cde 62.0 +10.1 bede 84.7+65a
Clothianidin 16% SG 26.7+7.5de 51.3 + 14.0 def 62.3+17.2bc
Dinotefuran 20% SG 26.7+7.5de 55.3 £4.0 cdef 67.0+10.7 be
Etofenprox 10% EC 17.7 £ 13.5 efg 24.3 £14.0 hjj 39.7 £ 14.0 def
Fenobucarb 50% EC 22.0 £ 3.5 def 53.7 £ 11.5 cdef 62.3£19.6 bc
Fenvalerate 20% EC 22.0 +3.5 def 39.7+11.5fg 69.0 + 10.1 abc
Flonicamid 10% WG 447 +15.0 be 69.0 +3.5bc 73.7+4.0 ab
Imidacloprid 9.6% SL 8.0+2.6fg 143+4.7jj 327+45ef
Imidacloprid 18.2% SC 6.7+0.6fg 16.7+1.21j 36.0 + 4.6 def
Isoprocarb 50% WP 29.0 + 10.1 cde 31.0 £ 7.0 ghi 443 £ 14.0 de
Methomyl 40% SG 60.3 +7.5ab 75.3 +4.0 ab 76.0 0.0 ab
Permethrin 10% EC 17.7+11.5 efg 40.0 + 7.0 fgh 53.3+10.7 cd
Propoxur 50% WP 43+40¢g 247 +7.5 hij 33.7+10.3 ef
Pymetrozine 25% WP 61.7+29a 86.7+3.8a 84.7+4.0a
Thiamethoxam 25% SG 28.7+8.1de 57.7+4.0 cde 69.0 £ 10.1 abc

* Mortality rates were corrected with control using Abbott’s formula.

¥ EC: emulsifiable concentrate; EW: emulsion, oil in water; SC: suspension concentrate; SG: water soluble granule; SL: soluble con-
centrate; SP: water soluble powder; WG: water dispersible granule; WP: wettable powder.
*Values in the same column with different letters show significant difference by the lease significant difference (LSD) test at 5%

level.

Wen et al. 2009; Huang 2013) » 8871 4 &7 e
e AT E o T SR EE R A A PR AR - (B
EENE - ARnERIUEZ EREHEREE
L HYUME (Matsumura et al. 2008) ¢ [N ILFERH
A L FEREH ﬁﬁuf%ﬁ*ﬁlxﬁﬁ o
Zﬁufﬁgﬂz/ﬁﬂuﬁﬂﬁ%ﬁﬂﬂ BRI RS T
%W%%&%%ﬁZmﬁ%ﬁ@& > Yasudomi
et al. (1994) DAEELES i F S k5T (500 mg L) #f
1980 FE H A Z e R IERFH 67% Z e T & >
EAAREEELL 400 mg L JEHE > 455 (58.0%) #H
B0 1 # TR i T S 0 PR ER A MR T B R
i SRR B BURL > [RIA T RE B M R %
HBHEE 2 Hi & % (Wen et al. 2009; Min et al.
2014) - FAEH R EIFEERIH 1960 FCEH
KigEalaEs  BEHEERA  RFHAE

i T > 1970-1980 F-RA A AT A$E HI G E
@GR IO ORA ~ InfRER ~ §7915 ~ b i
J 2 P SER EE AR B BAUEEME (Ku et al. 1976;
Chung et al. 1982) » 1970-2007 4 56 55 [&
feffed k0B REFEREE IR Z LDy, 2R
& & F 7} (Hosoda 1983; Nagata et al. 2002;
Matsumura et al. 2008, 2009) » fHEEZ N » T
ELOR 0 dd 7Y 1992 1R BEH8 LD, fEBH 8 7t
(Endo & Tsurumachi 2001; Nagata ef al. 2002;
Matsumura et al. 2008, 2009) » {HE &~ f& 7%
d R EE B T B 7 A2 M B &
SRS  MEAHE K220 (Matsumura
et al. 2009; Huang 2013) » Z=4p » Ktk 45
SR BRI A] 2 7% #7220 7T RE B
RFIE 1956 F£HEHZES A BERIGE Z 1R
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[ & 275 45 B (Agriculture and Food Agency
2020)

Erl A s 3 T & Bl PR 2 0 B S T S0 A
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Fb B B TR s By Bl (Matsumura et al. 2014) »
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Laboratory Evaluation of the Effect of Insecticides for
Controlling Brown Planthopper [Nilaparvata lugens
(Stal)] and Whitebacked Planthopper [Sogatella
furcifera (Horvath)] in Chiayi Region

Po-Yu Lai' and Shou-Horng Huang®>"

Lai, P. Y. and S. H. Huang. 2021. Laboratory evaluation of the effect of insecticides for
controlling brown planthopper [Nilaparvata lugens (Stal)] and whitebacked planthopper
[Sogatella furcifera (Horvath)] in Chiayi region. J. Taiwan Agric. Res. 70(4):285-297.

Abstract

The objective of this study was to evaluate the effectiveness of twenty registered insecticides
on 4"-5" instar nymph of brown planthopper [Nilaparvata lugens (Stil)] and whitebacked plan-
thopper [Sogatella furcifera (Horvath)] collected from Chiayi region during 2016. The morality of
both planthopper species was tested by tower spray and rice seedling dipping methods in laboratory
conditions. The results from tower spray tests on brown and whitebacked planthopper indicated that
carbosulfan (48.34% EW) and clothianidin (16% SG) were the most effective insecticides, causing
the morality at 84.7% and 93.4% respectively, followed by dinotefuran (20% SG) and benfuracarb
(20% EC), mortality between 69.0-80.3%. Acephate (5% SP). Carbosulfan (48.34% EW) exhibited
the mortality (75.7-91.0%) significantly higher than others on brown planthopper. Although benfura-
carb (20% EC), carbosulfan (48.34% EW) and pymetrozine (25% WP) are commonly recommended
for controlling whitebacked planthopper, the mortalities were 84.7% using the rice seedling dipping
method. Judging from all results among the twenty insecticides by two test methods, dinotefuran (20%
SG), carbosulfan (48.34% EW) and benfuracarb (20% EC) were effective for controlling both brown-
and whitebacked planthoppers. To effectively control rice pests, occurrence of planthopper species in
the field must be closely monitored. In addition to registered insecticides, efforts are needed to select
more effective insecticides in order to achieve cost-effective management.

Key words: Nilaparvata lugens (Stal), Sogatella furcifera (Horvath), Insecticide, Tower spray meth-
od, Rice seedling dipping method.
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e BRI EERZEAER - A FHEN
BEREE S E A SRR 4247 3-5 &5 -
Bt FH#FE 1,500 2 2.15% KU T 2L (ema-
mectin benzoate) » DAFF (FETE - §5 5 5%t S
PEELEY E o DUERHIERE et - D
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# 1. AEIEREEHE ZEEARERSE -
Table 1. Codes and various nitrogen contents in fertilizer in different fertilization treatments.

Ordinary No. 1
Treatment Organic Urea superphosphate ~ Potassium composite Total
code Treatment description fertilizer ~ [CO(NH,),]  [CaH,(PO,),] chloride (KCl) fertilizer” nitrogen

kg ha

Fl1 1x top-dressing - 10 150 30
F2 1x basal + 1x top-dressing 3,750 50 25 60 150 203
F3 2x basal 7,500 100 50 100 346
F4 2x basal + 1x top-dressing 7,500 100 50 110 150 376

“No. 1 composite fertilizer includes N, P,O; and K,O in ratio of 20 : 5 : 10, respectively, made by Taiwan Fertilizer Company (TFC),

Taiwan.
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Table 2.

sativa var. ‘Ming Feng No. 3”) cultivated under protected structure from May to October in 2012.

303

1EfS S tipchs > BB R WHE 3 5%, (Lactuca sativa var. ‘Ming Feng No. 3°) 22012 £ 5 H&E 10 H

The accumulated and mean values of climatic variables during different growing periods of lettuce (Lactuca

Temperature Irradiance Sunshine hours Relative humidity
(T) (MJ m?) (h) (%)

Growing period Duration (d) Sum Ave. Sum Ave. Sum Ave. Range Ave.
1 05/21-06/24 (35) 950.7 272 561.9 16.1 167.8 4.8 73.1-94.5 84.4
2 05/28-06/27 (31) 8525 275 472.5 15.2 1334 43 73.1-94.5 85.0
3 06/04-07/04 (31) 8664 279 473.5 153 132.9 43 73.1-94.5 83.7
4 07/06-08/05 (31) 886.4  28.6 505.4 16.3 170.7 5.5 70.0-96.3 81.2
5 07/13-08/13 (32) 905.7 283 487.0 15.2 152.8 4.8 71.1-96.3 81.9
6 07/20-08/20 (32) 894.8 28.0 4525 14.1 136.1 43 76.2-96.3 84.1
7 07/27-08/27 (32) 896.5 28.0 458.6 14.3 145.9 4.6 76.2-96.3 83.5
8 09/10-10/10 (31) 808.0  26.1 550.1 17.7 263.8 8.5 69.0-83.7 76.5
Mean 32) 882.6 277 495.2 15.5 162.9 5.1 72.7-94.1 82.5
g B E E R H A B S A T 2 6000

RERCT - B 2ARCE I | B e E _ e
I BE T R S B AR K > 849 1,200 mg ka™' > Dusoof 203kgN - ha'
PAHAMNBR IR R i i L INE K - B RAE £ -
I PR RGN B DUBE FERA R AE R FTR (Hsiao 5 000 346 kg N - ha'
et al. 2013) - 2 fZFLHE (346 kg N - ha™) & S
PO SR 1 AT + 1 f5EHE (203 kg N - ha™) £ 1500l ® an -
Him o AEEZ HHREEEAIZ41,200 mgkg” z

AR RE DL PN 2 s B A R = B 0
%%Z# ° ﬂ:tﬁ[\ ’ Hﬂﬁ@%ﬁﬁﬁ@ﬁ%ﬁ?@*ﬁ 1X top-dressing 1X basal 2X basal 2X basal
AIEMEG ANE T - & E 3 U SoK 73 ke 1X top-dressing 1X top-dressing
Z0E5E > HASIEN A S % E T8 O PR Nitrogen fertilization treament
(Fan et al. 2014) > NILSEAEHERDENR B 1. (£ 55005 2 BB %39,

BB TES 2 2 W o Al T T A Y e Y
B EREEE 2 BEE + 1 81 (376
kg N - ha') BHIT - gERMERRAE SRR S
HIERAFr B S E > HINEHE 2SR 4,500
mg kg ZRSEEE SR o HILEFCAE BT 0 1
AR + 1 f238H0 (203 kg N - ha™) HiAE 574
BT DAfE B A A B D B R R B
R (EERESEEERE) - B SHEEE
WP 77 5 R A e B B TR o B S
4 B A (R AR MR 2 SR 22 I B Y T B 1
SHEEHE -
TEHE B R e
%7 ([ 2) > B

I

& B BUE R A REIRE Z B
LR MCR S - HHARAE

(Lactuca sativa var. ‘Ming Feng No. 3°) j* 2012 ££ 5
A 10 Al - AR E SRR & 2 AR
WIS R - AESIEE 2 AR B B E T
W] (FERETR 15-17 d) DAESAE RGBT - BAE 1
ABHE 1 EARRE + 1 fEEAE - 2 R R 2 fEARAE +
| fHEAEE 4 4G - S () a'sEoinE
530 ~ 203 ~ 346 f7 376 kg N - ha' o

Fig. 1. Effects of different amounts of nitrogen fertil-
izer applications on nitrate content of lettuce (Lactuca
sativa var. ‘Ming Feng No. 3”) grown under protected
structure from May to October in 2012. Basal fertilizer
and top-dressing were applied before seed sowing and
at two weeks after seed sowing, respectively. Total ni-
trogen was calculated as 30 kg N - ha™' for 1x top-dress-
ing, 203 kg N - ha™' for 1x basal + 1x top-dressing,
346 kg N - ha™' for 2x basal, and 376 kg N - ha™ for 2x
basal + 1x top-dressing, respectively.
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Fig. 2. Changes in plant height, aboveground fresh
weight and leaf number in plants of lettuce (Lactuca
sativa var. ‘Ming Feng No. 3’) grown under protected
structure with nitrate contents of plants that treated with
varied amounts of nitrogen fertilizer.
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Table 3. Analysis of variance (ANOVA) for of 6
lighting treatments under four nitrogen application rates

on nitrate content of lettuce (Lactuca sativa cv. ‘Ming
Feng No. 3°).

Parameter df F

N application rates (N) 3 6.06"
Lighting condition (L) 5 650.11"
NxL 14 10317
Error 71

"denote significance at 1% level.
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Table 4. Effects of lighting treatments by light-emitting diodes (LEDs) and energy-saving light bulb (ELB) on ni-
trate content of lettuce (Lactuca sativa cv. ‘Ming Feng No. 3”) applied with different amounts of nitrogen fertilizer
cultivated under protected structure. The lighting treatments started at 6 h after dawn before harvest.

F1” F3 F4
Treatment Nitrate content (mg kg™
No-light control 1,227 a* 3,966 a 2,771 ab 4,652 a
LEDg" 56d 3935a 2,557 be 4,003 b
LEDg 836 b 3,896 a 2,994 a 3,756 b
LEDy. 624 be 3,869 a 2,559 ¢ 3,586 b
LEDsy. 5 818 b 2,471 be 4,615a
ELB 534c¢ 4,090 a 2,391 ¢ 3,935b
LSD, s 230 250 471

“F1, applied 1x top dressing at two weeks after seed sowing (a total of 30 kg N - ha™); F2, applied 1x basal fertilizer at seed sowing
and 1x top-dressing at two weeks after sowing, respectively (a total of 203 kg N - ha™); F3, applied 2x basal fertilizer at seed sow-
ing (a total of 346 kg N - ha™); F4, applied 2x basal fertilizer at seed sowing and 1x top-dressing at two weeks after sowing (a total

of 376 kg N - ha™), respectively.

* Within a column means followed by the same letter are not significantly different at the 0.05 level of probability by the Fisher’s

least significant difference (LSD) procedure.

*LEDg: 10 W blue light LED; LEDy: 10 W red light LED; LED,y,,: 10 W LED with combination of 3 blue light and 1 red light;
LED;. 50 10 W LED with combination of 3 red light and 1 blue light; ELB, 23 W energy-saving light bulb. LED: light-emitting

diode.
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Table 5. Nitrate contents in lettuce (Lactuca sativa
var. ‘Ming Feng No. 3°) applied with F4 nitrogen fertil-
ization” and different lighting treatments with blue light
LED (light-emitting diode) or ELB (energy-saving light
bulb) in 4 h or 6 h before harvest grown under protected
structure.

Treatment Nitrate content (mg kg™)
No light control 4,653 a’
LEDg-4 h 4,240 B
LED;-6 h 4,030 B

ELB-4 h 4,066 B

ELB-6 h 4,235 ab

LSDy s 494

“F4, applied 2x basal fertilizer at seed sowing and 1x
top-dressing at two weeks after seeding sowing, respectively,
with a total of 376 kg N - ha™.

¥ Within a column means followed by the same letter are not
significantly different at the 0.05 level of probability by the
Fisher’s least significant difference (LSD) procedure.
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Fig. 3. Relationship between nitrate content and CO,
flux (i.e., photosynthetic rate) in lettuce (Lactuca sativa

var. ‘Ming Feng No. 3”) grown under protected struc-
ture from May to October in 2012.

reductase) {ie {3 [F (L4 BB > FLFE A2 e
AR AN IR B RERE IR - RARHT ST E—
A D B B R R R 2 2 8 > DURE
PRI S B (FRARKRERER 2
s 2B o

+=A
A afl

REAVTEHBRGER - W HEE SR
BEHEFEESEHENRESEZEETT
%o MAEEEHEES RieEERE R E
PR H B2 = SR E - PR fE
e i 1% S (A T B 2 B SEf84s  JUmT PR
B M TT A R SRR A AN T B LR - 2K
BEMERREEEAE ISR - HGRENE
RERHIEE S 8NESREIT - AIEHEZ S
FER & ~ i FH 57 ROt SR B AH &R AT Al
B3 & B 2 R RGBT - RIHZRIIH IR
AR AR B ~ SCBE S 58 ROC IR AR
REAMBERHRRERHREEE P



RV B Ft 38 e 1 i e 307

Dlfg R e HEER E A B E S R Em T2

5| FA SRR

Block, J. 2020. Nitrate Poisoning of Livestock. V839. Ex-
tension Knowledge. North Dakota State University.
Fargo, ND. 4 pp.

Chang, A. C., T. Y. Yang, and G. L. Riskowski. 2013.
Ascorbic acid, nitrate, and nitrite concentration
relationship to the 24 hour light/dark cycle for
spinach grown in different conditions. Food Chem.
138:382-388. doi:10.1016/j.foodchem.2012.10.036

Cookson, S. J., L. E. Williams, and A. J. Miller. 2005.
Light-dark changes in cytosolic nitrate pools depend
on nitrate reductase activity in Arabidopsis leaf
cells. Plant Physiol. 138:1097-1105. doi:10.1104/
pp.105.062349

Crawford, N. M. 1995. Nitrate: Nutrient and signal for
plant growth. Plant Cell. 7:859-868. doi:10.1105/
tpc.7.7.859

Du, S. T., Y. S. Zhang, and X. Y. Lin. 2007. Accumulation
of nitrate in vegetables and its possible implications
to human health. Agric. Sci. China. 6:1246-1255.
doi:10.1016/S1671-2927(07)60169-2

European Food Safety Authority. 2008. Nitrate in
vegetables- Scientific opinion panel on contaminants
in the food chain. EFSA J. 689:1-79. doi:10.2903/
j.efsa.2008.689

Fan, Z., S. Lin, X. Zhang, Z. Jiang, K. Yang, D. Jian,
Y. Chen, J. Li, Q. Chen, and J. Wang. 2014. Con-
ventional flooding irrigation causes an overuse of
nitrogen fertilizer and low nitrogen use efficiency in
intensively used solar greenhouse vegetable produc-
tion. Agric. Water Manage. 144:11-19. doi:10.1016/
j.agwat.2014.05.010

Fang, W. and R. C. Jao. 2004. Effects of different light
intensity and quality on the growth of potato plant-
lets in vitro using super-bright red and blue LED.
Seed Nurs. (Taiwan) 6(2):56-73. (in Chinese with
English abstract) doi:10.30077/SN.200406.0006

Hsiao, C. L., C. M. Yang, C. H. Ho, S. J. Tsai, Y. W. Lin,
and T. S. Liu. 2013. Effects of nitrogen fertilization
and climatic environment on growth and nitrate con-
tent of lettuce (Lactuca sativa) grown under protect-
ed structure. Crop Environ. Bioinform. 10:284-289.
(in Chinese with English abstract) doi:10.30061/
CEB.201312_10(4).0006

Jao, R. C. and W. Fang. 2000. Simulation of light envi-
ronment under blue and red LEDs. J. Agric. Mach.

9(3):51-63. (in Chinese with English abstract)
doi:10.30062/JAM.200009.0004

Kim-Shapiro, D. B., M. T. Gladwin, R. P. Patel, and N.
Hogg. 2005. The reaction between nitrite and hemo-
globin: The role of nitrite in hemoglobin-mediated
hypoxic vasodilation. J. Inorg. Biochem. 99:237—
246. doi:10.1016/j.jinorgbio.2004.10.034

Li, S. X., Z. H. Wang, and B. A. Stewart. 2013. Respons-
es of crop plants to ammonium and nitrate N. Adv.
Agron. 118:205-397. doi:10.1016/B978-0-12-
405942-9.00005-0

Li, X. Z. and A. Oaks. 1995. The effect of light on the
nitrate and nitrite reductases in Zea mays. Plant Sci.
109:115-118. doi:10.1016/0168-9452(95)04159-R

Marschner, H. 1995. Mineral Nutrition of Higher Plants.
2" ed. Academic Press. London, UK. 889 pp.
doi:10.1016/B978-0-12-473542-2.X5000-7

Matsumoto, T., H. Itoh, Y. Shirai, N. Shiraishi, and
Y. Uno. 2010. Effects of light quality on growth
and nitrate concentration in lettuce. J. SHITA.
22:140-147. (in Japanese with English abstract)
doi:10.2525/SHITA.22.140

Official Journal of European Union. 2011. Commission
regulation (EU) No 1258/2011 of 2 December 2011
amending regulation (EU) No 1886/2006 as regards
maximum levels for nitrates in foodstuffs. 54:1.320/15—
17. https://eur-lex.europa.eu/LexUriServ/LexUriServ.
do?uri=0J:L:2011:320:0015:0017:EN:PDF (visit on
04/28/2021)

Samuoliené, G., A. Urbonavic¢iaté, P. Duchovskis, Z.
Bliznikas, P. Vitta, and A. Zukauskas. 2009. De-
crease in nitrate concentration in leafy vegeta-
bles under a solid-state illuminator. HortScience.
44:1857-1860. doi:10.21273/HORTSCI1.44.7.1857

Samuolien¢, G., A. Brazaityté, R. Sirtautas, A. Novi¢kovas,
and P. Duchovskis. 2011. Supplementary red-LED
lighting affects phytochemicals and nitrate of baby
leaf lettuce. J. Food Agric. Environ. 9:271-274.
doi:10.1234/4.2011.2267

Sanchez-Echaniz, J., J. Benito-Fernandez, and S. Minte-
gui-Raso. 2001. Methemoglobinemia and consump-
tion of vegetables in infants. Pediatrics. 107:1024—
1028. doi:10.1542/peds.107.5.1024

Stitt, M. 1999. Nitrate regulation of metabolism and
growth. Curr. Opin. Plant Biol. 2:178-186.
doi:10.1016/S1369-5266(99)80033-8

Wang, S. T, S. L. Lin, W. N. Chang, and C. H. Hsiao.
1998. Cultivar’s differences in nitrate content of
lettuce (Lactuca sativa L.). J. Agric. Res. Chi-
na. 47:63-70. (in Chinese with English abstract)
doi:10.29951/JARC.199803.0005



308 GERZEME B70% H4H

World Health Organization. 1996. Toxicological evalua- Joint FAO/WHO Expert Committee on Food Addi-
tion of certain food additives and contaminants in tives (JECFA). World Health Organization. Geneva,
Food /Prepared by the forty-fourth meeting of the Switzerland. 465 pp.



RV B Ft 38 e 1 i e 309

Effects of Nitrogen Fertilizer Amounts and Lighting
Treatment before Harvest on Growth and Nitrate
Content of Lettuce (Lactuca sativa) under Protected
Structures

Chiao-Ling Hsiao', Chia-Hsun Ho’, and Chwen-Ming Yang™*’

Hsiao, C. L., C. H. Ho, and C. M. Yang. 2021. Effects of nitrogen fertilizer amounts and
lighting treatment before harvest on growth and nitrate content of lettuce (Lactuca sativa)
under protected structures. J. Taiwan Agric. Res. 70(4):299-309.

Abstract

Accumulation of nitrate content in leafy vegetables is affected by not only genetic factors but
also nitrogen (N) fertilization and lighting conditions during plant growth. Pot experiments were con-
ducted under a protected structure covered with plastics in an experimental farm located in the Taiwan
Agricultural Research Institute. Four amounts of N fertilizers were applied during growing period
of lettuce (Lactuca sativa cv. ‘Ming Feng No. 3°). Supplemental lighting was provided by different
artificial light sources at 4 or 6 h before harvest. A total of 6 supplemental lighting treatments using
light-emitting diode (LED) and energy-saving light bulb (ELB; a compact fluorescent lamp) were
used as light sources and plants treated with no light as a control. Results showed that plants treated
with N fertilizer at a rate of 30 and 203 kg N - ha" had comparatively lower nitrate contents than
those of higher N inputs. Increasing the amount of N fertilizer promoted plant growth. Plants after
being applied with higher N rates (346 and 376 kg N - ha™) showed better growth, in terms of traits
of plant height, aboveground fresh weight and leaf number, however, higher N generated a greater
nitrate accumulation. The contents of nitrate were compared in lettuce plants after being treated with
6 h of supplemental lighting of blue light LED (LEDy), red light LED (LEDy), 3 blue/1 red mix LED
(LEDsg.1g), 3 red/1 blue mix LED (LEDjy.;5), or ELB before harvest. The results indicated that a lower
nitrate content was found in plants treated with supplemental lighting prior to harvest in all 4 nitrogen
application rates, compared to that of plants without light treatment. At the highest nitrogen rate of
376 kg N -ha’, the nitrate content reduced by 14% and 23% with the treatments of LED, and LEDsy
respectively. No difference was found among plants treated with 4 h and 6 h of supplemental lighting
of either LED; or ELB in plants applied with 376 kg N - ha™'. The relationship between photosynthet-
ic rate (i.e., net CO, flux) and nitrate content was curvilinear, in which nitrate content was decreased
curvilinearly with the increasing of photosynthetic rates in leaves of lettuce. At photosynthetic rate
greater than 4.5 pmol CO, m™ s, nitrate content was maintained in less than 3,000 mg kg (3,000
ppm). Accordingly, this study demonstrated the effects of nitrogen fertilization on nitrate content and
growth performance in lettuce. To further reduce nitrate content at time of harvesting, a supplemental
lighting by artificial light sources for 4 h prior to harvest would be as effective as that of 6 h to save
energy cost.

Key words: Nitrate, Lettuce (Lactuca sativa), Light environment, Light-emitting diodes (LEDs), Ni-
trogen fertilization.
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Instructions to Authors
Journal of Taiwan Agricultural Research (revised on 2 December 2019)

General Information

The Journal of Taiwan Agricultural Research (JTAR) is published four issues annually by the
Taiwan Agricultural Research Institute (TARI). Researchers and scientists willing to make the contribution
in the fields of agricultural development by publishing their full papers of original research, reviews, or
short communications in the Journal are highly welcome and appreciated. Research staff affiliated with
TARI is not a requirement for publishing in JTAR. All manuscripts should be submitted online at the
Journal’s website, http://www.ipress.tw/J0042. Follow its instructions. Submissions to JTAR must not
simultaneously submit to any other scientific or technical journal.

Scope

After critical review and approval by the editorial board, JTAR publishes articles in plant science;
biotechnology; agricultural chemistry; plant protection; agricultural engineering; agricultural economics
and extension; industrial strategic management; biostatistics; and bioinformatics. Articles reporting
experimentation or research findings in these fields will be peer-reviewed as research articles. Short
articles (no more than 4 printed pages) concerned with experimental techniques, results, or unique
phenomena will be peer-reviewed as short communications. Review articles will be under invitation by
the editorial board of JTAR.

Style

See the latest issue of JTAR for style and layout. General rules are as follows:

All abbreviations should be defined at the first mention and in tables and figures, and be used throughout
the entire article.

- The Latin names of organisms (e.g., plants, pathogens, insects and pests) must always list when
appeared at first appearance (in Abstract or text). Give the complete binomial and authorities.

At first listing both the common and chemical names of pesticides must be given.

ST units must be used in the manuscript.

Use the 24-h time system (e.g., 0200 and 1400) and abbreviate dates such as 3 October 2015 or
10/03/2015.

Except when used with units, spell out numbers one through nine. Put commas for the decimal separator
(e.g., 1,356,078 and 6,078) and place a zero before the decimal point (e.g., 0.6078 and 0.078).

Preparation of Manuscript Files

All submitted manuscript files should write in Chinese or English and save it in Microsoft Word
97-2003 or later versions (.doc files or .docx files). Other word processing software is not accepted.
High-resolution figure files may be included in manuscript and submitted separately in forms of .jpg files



or .doc files or .docx files, one figure per file. Do not use word processing features such as automated
bulleting and numbering, head and subhead formatting, or internal linking. Text should be typed in A4
size (29.6 cm long, 21 cm wide) in double-spaced and be numbered and aligned to the left side, while
tables use single-spaced. Only one font and size (font no. 12) is used. Provide the document with an upper
and lower margin of 3 cm and a left and right margin of 2 cm. Starting from the second page, indicate
the page number on the lower right corner. When typing the manuscript, use the font of MingLiu (4HHH
#&) for Chinese and Times New Roman for English. Leave a single space between each English word and
sentence. The author submitting the manuscript should click on “Authors” on the front page of Journal’s
Online Submission and Review System. Under “Author” page, click “Submit a new manuscript”. Confirm
submission checklist and then complete the information related to the manuscript including a cover letter.

Follow the sequence and instructions to fill out and upload the information. JTAR adopts a double-
blind review for all submitted manuscripts. Reviewers will be able to download the submitted files that
authors upload to the system. There are three main types of articles published by JTAR, i.e., “Reviews”,
“Research Articles”, and “Short Communications”.

Reviews. A review article is invited by editor-in-chief of JTAR and will be reviewed and revised to
assure an appropriate style and content.

Research Articles. Write a research article according to the mentioned scope in the following
sequence: title, author(s), abstract, and text. Attach tables, figure captions, and figures at the end of text. In
general, each manuscript should not exceed 10 printed pages.

Short Communications. An article that has a size less than 4 printed pages concerned with
experimental techniques, results, or unique phenomena may be published as a short communication when
accepted.

Title. A title highlights the subject and purpose of the article briefly but clearly. Use common names
of crops, avoid abbreviations, and limit words where possible. Except prepositions and connectives,
capitalize each word in the English title. Write down the suggested running title, with no more than twelve
Chinese characters or six English words, in the next sentence.

Author. List names of all authors below the title and place an asterisk after the corresponding
author. The next sentence lists professional titles, institutions and complete addresses of all authors.
Provide e-mail address of the corresponding author. Place title and author(s) on the same page.

Abstract. Each article has a single self-contained paragraph, containing the rationale, objectives,
methods, results, and their meaning or scope of application specifically. Identify the important details to
interpret the results but try not to exceed five hundred words. Do not cite references and avoid equations.
In the next sentence, include no more than five key words and capitalize the first letter of each word. If
the manuscript written in Chinese (English), place English (Chinese) abstract after the main text of the
manuscript.

Text. The text includes the following sections in sequence: INTRODUCTION, MATERIALS AND
METHODS, RESULTS, DISCUSSION, CONCLUSIONS (optional), ACKNOWLEDGMENTS (may
be omitted), and REFERENCES. If required, combine the results and discussion section into “RESULTS
AND DISCUSSION”, and incorporate the conclusions into the discussion. If there is an appendix, place



it before the references. Except necessary, do not mix English with other languages. If required, place
headings and subheadings at the head of paragraphs of the sections MATERIALS AND METHODS and
RESULTS.

Tables. Prepare tables with the tables feature of MS WORD"; do not use tab keys, space bars, or
graphics boxes. Number tables consecutively with one table per page. Place tables at the end of text. Each
datum needs to be contained in a defined cell. Table heads should be complete and self-contained but
brief. All variables should be defined and abbreviations be spelled out in table footnotes. Follow the order
of z, y, X, w, v, u, .... The *, ** and *** are used only to show statistical significance at the 0.05, 0.01,
and 0.001 probability levels, respectively. Lack of significance indicates as NS. Asterisks or letters next
to values indicate statistical significance and should align them in the same cell as the value. All footnotes
should be set on separate lines. Capitalize only the first word in a row of the body of a table with the
exception of proper nouns. Use only SI units (e.g., pg L, Mg ha”', and m s™) in the singular forms.

Figures. Provide clear contrast figures in high-resolution JPG files (= 300 dpi) and upload them on-
line as individual files and attach them after tables; one figure one page. Keep relative sizes of symbols,
letters, and numbers as the original should be larger than the intended final size. Use English for letters
in Arial font. Explain curves or symbols in a legend within the figure. JTAR will publish figures in black
and white. Color figures, images, photos or maps are subject to the agreement of the editorial board and
fee must be paid before the manuscript is published in the journal. Photographs and drawings for graphs
and charts should be prepared with good contrast of dark and light and no more than the size of 25 cm x
18 cm. Use English for figure captions and separate captions for figures. A caption should be concise but
given in sufficient detail. Define the crop or soil involved, the major variables presented, the place and
year, and the abbreviations and symbols used in the caption. Indicate the scale for illustrations.

Acknowledgments. If required, provide it in a single paragraph. List institutional sponsors, the
institutional article number, and contribution acknowledgment.

References. The reference section lists published literature and unpublished reports, theses, and
dissertations cited in the manuscripts. Alphabetize the list by the surnames of the first author, followed
by the other authors. Cite unpublished data, personal communications, and reports in the text only (in
parentheses). Give the authors, year, complete article title, abbreviated journal title, volume number,
and inclusive pages for journal articles. Give the authors, year, chapter title, pages, complete book title,
book editor, publisher, and place of publication for book chapters. Add also the place and date of the
conference for proceedings. For electronic references and others, see the current issues of JTAR. Single
author references precede multiple-author references for the same first author. Use chronological order
for references with identical authorship. Add a lowercase letter (i.e., a, b, c, etc.) to the year to identify
same-year or multiple-author references for text citation. Write the author and year of the cited references
inside parentheses; for example, (Chen & Ho 1983; Sung 1991; Hsu ef al. 1992). Refer to the “Serial
Sources for the BIOSIS Previews Database” published by Biosciences Information Service (1992) for the
abbreviations of an academic journal. Some reference examples:



Reference from an academic journal written in Chinese:

Hsu, S. H., T. Y. Chung, T. C. Kuo, and S. F. Wang. 1992. Studies on the micro-climate of greenhouse. I.
Light environment of greenhouse. J. Agric. Res. China 157:34-43. (in Chinese with English abstract)
Reference from a book written in Chinese:

Sung, J. M. 1991. Nitrogen Metabolism of Rice. Chinese Agronomy Press. Taipei. 100 pp. (in Chinese)
Reference from an edited book written in Chinese:

Yang, C. M. and C. Y. Lin. 2003. Studies on rice precision farming system. p.1-12. in: Rice Precision
Farming System. (Yang, C. M. and C. Y. Lin, eds.) Taiwan Agric. Res. Inst. Pub. No. 105. Taichung,
Taiwan. 252 pp. (in Chinese with English abstract)

Reference from a proceedings written in Chinese:

Chang, C. A. 2001. Application and extension of virus-free seedling for the control of virus diseases
of passion fruit in Taiwan. p.31-38. in: Proceeding of Symposium on Application of Healthy Plant for
Control of Plant Diseases. Taichung, Taiwan. November 24, 2001. Taiwan Phytopathol. Soc. Publ.,
Taichung. (in Chinese with English abstract)

Reference from a website:

Lehtomiki, A. 2006. Biogas production from energy crops and crop residues. Jyvaskyld Stud. Biol.
Environ. Sci. 163. Univ. of Jyviéskyld, Jyviskyld, Finland. https://jyx.jyu.fi/dspace/bitstream/hand
1e/123456789/13152/9513925595.pdf (visit on 12/16/2014)

Units, Abbreviations, and Statistical Analysis

Use the SI system (Systéme International de Unités) in JTAR. Some commonly used abbreviated

units:

Length: kilometers (km), meter (m), centimeter (cm), millimeter (mm), micrometer (pum)
Weight (W): ton (Mg), kilogram (kg), gram (g), milligram (mg), microgram (pug)
Volume (V): litre (L), millilitre (mL), microlitre (uL)

Surface: hectare (ha), square meter (m®)

Temperature: Celsius ('C), absolute temperature (K, but must be indicated)

Time: day (d), hour (h), minute (min), second (s)

Concentration: mole (M), millimole (mM), normal (N), millinormal (mN)

Gravitational acceleration: g

Molecular weight: kDa

Three macronutrients in fertilizers: element—N-P-K ; equaivalent quantity—N-P,05-K,O
Other abbreviations:

Average: avg.

Approximate: ca.

Diameter: diam.

Concentration: e.g. mg L™

Frequency of a rotation: x g.



Statistical Analysis

Manuscripts should contain enough details of experimental design so that the results can be
judged for validity and repeatability. The symbols * and ** are used to show differences in statistical
significance. Add P value (e.g. P < 0.01) when a, b, c, ... are used to classify statistical significance.
Examples of commonly used symbols: 7 for correlation coefficient, R* for coefficient of determination, cv
for coefficient of variation, sd for standard deviation, and se for standard error.

Accepted Manuscripts

When a submitted manuscript is accepted, corresponding author will receive notification from
an editor or editor-in-chief, and the accepted files will be used for press. Authors are responsible for
obtaining all permissions for use of materials in the manuscripts from other publishers and should notify
the editor at the time the manuscript is accepted. JTAR reserves the right to publish and republish any
parts submitted with a manuscript.

Plagiarism

Manuscripts may be screened for plagiarism upon submission. If there appears significant duplicate
content with other sources, the manuscript will be forwarded to the journal editor for evaluation and
action.
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