BB ELZERISE (] Taiwan Agric. Res.) 70(4):253-269 (2021) TR
DOI:10.6156/ITAR.202112_70(4).0003

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 -

-



254 BB

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
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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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WERSE BRI FE I A ZE T (productivity;
P) W E SR EARZE M HEKEYE (bio-
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growth model) » 7 {f 5% 2 8 R BE L & B R A
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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
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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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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.
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1/2018 9 k,, 4371 B 0.1215 F1 0.1114 » [fij 11/2017
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B)
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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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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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PREEFR N EE IR E M KRBT 1-2 wk > tEEE
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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
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ER o BIEER LSRR S ERREERK
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{BgR (18 6) » 3 A F5 Bh [EUE B KL 3 5t
WHEA o Ry — P HEETAL AR R E B UE
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4°C (Kristensen et al. 1987) B ¥ EA EBER
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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
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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
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Evaluation of the Relationship between Growth
Variations of Crisphead Lettuce and Climate
Conditions through Growth Analysis and Modeling
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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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