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1L (plant height) : #FEHRSER 9L 1A - BEARSHELE 2 RS R B B
E o

2. SyEERY (tiller number) © FHRE =ML E (&) AVER B E -

3. TE4%Z5HE (SPAD value): EEAEZFHEMNE A2 BEESE N > DI Z5T (chlorophyll
meter, model SPAD-502, Konica Minolta Co., Tokyo, Japan) #{THIE » FHERGEE i
TE R EREREZ FEL -

4. F—TEEER (first Leaf length) © & FEACN A RTRRAH L1l N —F St 2N &
& BRI RTZ 55— R Se 2RI EI B HARE R LT 2 550U -

S SEETRIEH (leaf area index, LAI) : JEERHEBONSE 1S WEEIA 2 » DUSSESH T
1% (plant canopy analyzer, model LAI-2000, LI-COR Co., Lincoln, United States) {75 ]
TEFEHOHIE -

1. ABHEERHEHE
Table 1. The different nitrogen application treatments in the test field
SYEEHIR R & MRS ZE & HRE N =
ZH A Nitrogen top-dressing Nitrogen top-dressing Total Nitrogen fertilizer
Group during tillering stage during panicle initiation
(kg/ha) (kg/ha) (kg/ha)
N1 60 15 75
N2 60 30 90
N3 75 15 90
N4 75 30 105
NS 90 15 105
N6 90 30 120
N7 105 15 120
N8 105 30 135
N9 168 42 210
N10 217 63 280

—_ N

pg ~

RRAEREIR R ERERRE

FoLEH R R SR ~ RearE EELEIRTERIRR (R - PO N&E A 6 PRtk
IR s R WAAE S EEIR TG R FEE U 3 IRETTE MR RRE &
BT R R PRI BN AL ~ MEZIFFEEZ R > (RITIREE R B R E R - FIR
MEPESE RSN R E R EIRAZRE 3 5 5 [ERIRELR - DUEIRIEE
(lodging index, LI) LI1 ~ LI3 ~ LI5 ~ LI7 } LI9 For o BI{RE 2 Ry R ik(E ] 2 B m A e
/IR 30 0 LIT B fEARERRENR 5 LI3 Rodd 1 ~ 10% FERRENR 5 LIS Kydeds 11 ~ 30%
FERREILR 5 LI7 B 31 ~ 60% FEfRMEI(R ¢ LI9 RyfafREIR 61% LLE -
IRt AT R AAESE AR

AHTFEER A R 0HE (R-4.0.3 i)t > R Core Team 2020) H#ETT4RET 017 RO ILENKTEEL
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{ERIFE =L - DL4S & 7 [ i 8845 % (forward selection procedure) ~ [A] 1% Hl| 2 7% (backward
elimination procedure) f3%45 Elf% (stepwise selection procedure) #E{THEIEE ST » T fE]
RISE > 2 4R R {1 HIFE L, (multiple linear regression model) e
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"ER 16 9% ZEMREEFENEHE I - A ESACH A F R
EIRTE BRI 2 > ZRERBURE ISR FS S - N1 ~ N5 FIRIEE0R
1o EIREFEE - N6 ~ N8 EI{RIFH Mt 1 ~ 3 ZfA > EIRERR % - N9 ~ N10 #{R
FREORRY 3 - EIRERRS S5 IERYEAEHE A 4Rt > N1 ~ N2 BI{REER 1 EIR
JEBE(E > N3 ~ NS EIRIGEO T | ~ 3 2 > EHRERTE - N6 ~ N10 FEI{RIFECRL
30 RIRERE = - BRI T 2R 16 5%, EIRHIBHSEMSIR - AWTFE S ST
SMIRELEI KA BAVAERATE T - I SE — IS SRR R PR 2 R E A
WA TERY AR 2 R AT » ERTE B SR EVEIRAIAHRR (B0 3 > 55— HATEEREIR
EBEE R RS ke - RER - SR TREAMEESR  F IR
FEIRTE B SRR R IR MRS - TR RRER - R - SENEBSRER - W
SHPEBLEI RS B BRI ) - BUN RIS E 2 R - B EIREY
Mokt T RERE 2 1L - AWTFE RIS EslER T > BEIRIG AR M = R IR & Rk
(r=0.7209 ~ 0.8205) - {45 Kashiwagi % ARYIFAZEIEH * > #hie REEERAY EZR
e BRI E L - SRS EIR o AT R B E R B AE B M R
& tRE  HADBEIRMHEBINERRN T2 — » HEZEREIE - HolESMNRARDN
SRR IEARR ) - e EERE - BRERERRE @Y A% TERE 165
WAy B S L I A B B AR - i EEMKINR T - FE - S8
EIRTE R IR AR > R E R - T EEE S B 2B SRS - Doraira) FAWTIEHE
o ST EACHE A 2R B e IS s SRR > AN B TR B A A 2
% —HSERIRE SR EER - P REThE ® -

2. KAE T ER 16 9% RIHATER IR ST P PR B (K5 Bt
Table 2. The lodging index of TN16 with the different nitrogen application treatments in the first
crop season and second crop season

A EE A A R BRI R L
HAfE The logding index with the different nitrogen application treatments
Crop season

N1 N2 N3 N4 N5 N6 N7 N8 N9 N10
e

1st crop season

soE

2nd crop season

1 1 1 I~2 I ~2 1~3 >3 >3

1~2 1~31~3 >3 >3 >3 >3 >3
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3. KE T EE 16 9% RIHATE R R IR B R FE B AH R A B
Table 3. The correlation coefficient of the agronomic traits and the lodging index of TN16 at the
maturity stage in the first crop season and second crop season

e MR M —7E pmpsz 1 MLEE =
Cro/ﬁgs@son Plant Panicle Panicle FESCEY F;jl\l;: 1,000- Yél i
P height length number Spikelet per panicle Y grain weight

kk#H sk, # sk ok ok

el 0.8205 * 0.4832 0.6739 0.8011 -0.7995  -0.7849 0.8040

1st crop season

k‘k‘éﬁ ek * ek * Ak *

iy 0.7209  0.5403 0.6985 0.5067 -0.6128  -0.3310  0.5530

2nd crop season

VR Sy BIRRRBCAHR B IR BB RIS 5% R 1% /KN BB AR -

*"and " represent significance at 5% and 1% levels, respectively.

— ~ AHBEIRIE 2 (AR L

g R HEIR B RS - BB ER BN 2 S R IR - DIRHUEE AT
BE RS - AR 0 T EZr 16 9% ) S{EREMR S EEIRTEH E R EEHRE
HRTEAE B AR AR A P2 22 « L - ARBHE B S n s i - BRETs2
BEMRAYBASEMIR - LA EIRIE B IR - FRHE A BRI R B B SRAYIR
1 -

FHZ TR IR D IT4E REUR (R 4 ) » S —HIFEMAT B I (LT 1st) AYR
TEALEL (coefficient of determination, R*) TJEZ] 0.8111 » SEE Sk R IGEEE =5/ (E
PR 5 5 ZHATE BRI BT A IR (LI 2nd) 79 R® £y 0.6265 > B [EIRE Ryt Bt
EEFEMEMR - MEAERERIEBUE I 28 ke MaEE - F el
8 BURIA AT SN ERE N 0 KR T EZr 16 57 MRE REREEAS 0 AlE
Risfs - A SFAERRER - FIAVZREEREY - WIinsEH S 530S
KRR EE BN > Fers R EIRAYE R G241

x4 JKig T EE 16 5% WIHATERGNEZ BRI R Teap M B R
Table 4. The lodging index estimation models of TN16 using multiple linear regression at the
maturity stage in the first crop season and second crop season

e, LI=a+bH'+cL+dN+eS+fF+gW+hVYD ket e ai pHE

Parameter a b cde fg h N Model R*>  p-value
LI 1stb -23.3962 0.1836 — — — — — 0.0012
. s 30 0.8111 <0.01
(Partial R —  (0.5531) — — — — — (0.4789)
LI 2nd -25.3281 02144 — — — — — 0.0013
L, 30 0.6265 <0.01
(Partial R —  (0.4619) — — — — — (0.2225)

‘H:fkm L fE& N fE8 S —FEgfeE FiRER > W THIE > YD : ER -

® LI Ist : S HAMEEIRISRASAIE - LI 2nd @ 55 —HAMFEIRFS B IR -

® H: plant height, L: panicle length, N: panicle number, S: spikelet per panicle, F: fertility, W:
1,000-grain weight, YD: yield.

® LI 1st: lodging index estimation model in the first crop season, LI 2nd: lodging index estimation
model in the second crop season.
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ST —HIFEE INFEMHENRE R ER T - B EAVREIRESE IR 5
IR > BE AT RE A (F IR 2 3 EARAA E AR - B —BIEAE B OIPEE R - RARER
18 EIREOH B IFEE ORI S > AL R > AR > EE%RINE
HOREL R — e @ - @ 1 RIE 2 A EEIR R GBI - rERERE R RA
ERLE NSV 7 N % SHPEER SRS By 96.2 1207 - BB IIFEES RS B 94.0 1
7y > fatRE I E A R A E R E b lE 2 et - 7J<$a?$$§{§’f5fim B (L > B
HE M FAGERIE R T 2R 16 5% ) (VHEEEEE - EERERE PR
EH PREUZERI HE KR ~ MW RREM @ SEELT - AR EEIRER - ffEE

= *E%XFE

[ Li=1 : Low-risk

[] 3=L1>1 : Medium-risk

[] 5>L1>3 : High-risk

. 7>LI>5 : Extremely high-risk

4500 . .
- Non-existent trait

Yield (kg/ha)
=

3500
90 95 100 105 110

Plant height (cm)
1. Kig "=Zr 16 9% ) E—HAMEIRS - FEE & R EIRIE BRI AE

Fig 1. The relationship among the plant height, the yield and the lodging index of TN16 in the first
crop season

6500
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N
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A4
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2. Kt T EEE 16 5% ) S IErRE - TR B R R KR R (]

Fig 2. The relationship among the plant height, the yield and the lodging index of TN16 in the
second crop season
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» IRAEhER AR AR R AL ZHERRNR 1 Z R 1R

FEAFRPEIRS - TRIETHIRRET - R RERCHE AT A RARRE B A 2 2 -
It FRISFERERE A ATRI SRR MR - SRR R R & - AU ERIREREIIR S
W RobRat TR 16 5% ) PEACHE A AT R S MR L B 38 AR IR 2 Bl - REFSES
B~ HIENY - WEEA AU - BT RS FEER -
B28 ~ SPAD ~ LAl FEREMGIR AL 2 S A & - 1R s BOE TR 1
AT o MERBATE I ATEERBUR (£ 5) > B—HAE LAIL » PR KAEREE R A 28 ER TS
BEEANRE - B IRIFRIEREACHE R AT — R - R AT B E AR - HhaER
B NOFFRAESRARIL 7 - 2B FESE Y - PEREHE A A EO BE I R LA R LA M B
R - FERERE A ATREIRSE — F st 2R RE R B SRR R T RS R B
HRE - RREPREIRAVERZIETE -

5. K T ERT 16 5%, RIHA(FREACHE A AT R EE IR - REAL SR B B e R FE B

ZHHEA REL

Table 5. The correlation coefficient of the agronomic traits, the nitrogen top-dressing and the

lodging index of TN16 before top-dressing during panicle initiation in the first crop
season and second crop season

e B RER B et sy, PIEERARE
Cr Hif N Plant First Leaf  Tiller égﬁ%ﬁ L ﬁﬁjﬁiﬂa%{ Nitrogen

op seaso height length  number top-dressing
kk"_‘ﬁ ok . *
il 0.7562°"  0.3224 0.4716 0.5110 0.7778 0.6816

st crop season

=i H * *k
o —HifE 0.5530 0.6844 0.4450 0.3151 0.3397 0.4710

2nd crop season

T YRR RE R P AR R B R AR R 5% e 1% AKHAE TR VAR -

*"and " represent significance at 5% and 1% levels, respectively.

v TR R R B H R A AR R B2 (AR

WO E RN & o AR R E R FER g e o SRS EIRERE ¢
Rl " 2R 16 57 ) SABURTEI - AFEAIH 2 eaR R o - IR AT Rk
PR B R S 2 M P B 3 A S R F R B RS - (R R K T 225 16 5% ) FEALAY
GHEHS% -

LT MR S ITAE REUR (£ 6) » B—HIFEIRIEEEY AR (LI 1st) 89 R?
T 0.7884 > 28BS TEACHE A AT LAT R RERE i FH & 0 38 PR EIRIE By 2 7T 4x
P B il M X (LI 2nd) Y R® K 0.6022 - SRR RRAT I F AT 2 Mk /= ~ 43 BEBUR BE AT
FRICHE - FARTA G A FOiE A FERE A A AR MR - B at RS E A
FERMHE - SRR T ER 165, BURSEAREN - BN — BRI A2 E
& LAL > LALZERRER T ENE - — IR RA SIS - AW 55 /N LAFEHE
TRl Z bR~ TS B —EREREEGE AT SRR AL A AT LAL (5
(£ 7)) &ERBURATH FARER A AT MR - FEBCETTRERENE I AT 2 LAL 00 - R® ]
ZEF 0.8921 At - 55 —HAMEEIRTEEAY 2 e dr MR AR (S - DIREREHE R AT ik
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= R E R A B S MERTE TR O (R 6)  BEIS—HIEREREES
B (LI 1stadj.) - R? BERR(RE 0.7381 » AT SBIEIRTEEE A S - (FRHEREERA
FH -

6. /KHE "= 16 5% ) RIHA(EREALHE A AT HRFE T AR M B (R =
Table 6. The lodging index estimation models of TN16 using multiple linear regression before top-
dressing during panicle initiation in the first crop season and second crop season

LI=a+bH'+cL+dN+eS+fF+gW+hYD

pAy PEA

S8
— TE(REL
Parameter a b c d e f g N Model R p-value
LI Istb -14.6120 — — — — 7.6426 0.0225
.s 2 30 0.7884  <0.01
(Partial R%) — — — — — (0.6583) (0.2125)
LI Istadj. -16.2297 0.2390 — 0.0475 — — 0.0232
52 30 0.7381 <0.01
(Partial R") — (0.4111) — (0.1060) — — (0.1258)
LI2nd -23.3849 0.2297 — 0.1548 — — 0.1396
'n ) 30 0.6022  <0.01
(Partial R7) — (0.2129) — (0.0991) — — (0.2632)

*PH : FERCHMEAIATARS > PL : REACHE A AT S — B8R - PT FEHENE A AT B2 8 > PS - FEHE
VEFAASERkR T > PLAL © RUAEHEFIATSE EIAEEL > PN © RRRCHE A & -
" LI Ist : H—HAEFEIRIERAS R - LI 1st adj. : *ﬁET’Eﬁ 2 1% Z EIRFEBUS A L

2nd : Pk—iﬁf’ﬁfﬂfﬂaéﬁif{ézﬂﬁﬁﬁ
* PH: plant height before top-dressing during panicle initiation, PL: first Leaf length before top-

dressing during panicle initiation, PT: tiller number before top-dressing during panicle initiation,
PS: SPAD value before top-dressing during panicle initiation, PLAI: leaf area index before top-
dressing during panicle initiation, PN: nitrogen top-dressing before top-dressing during panicle
initiation.

LI Ist: lodging index estimation model in the first crop season, LI 1st adj.: lodging index
estimation model which was adjusted in the first crop season, LI 2nd: lodging index estimation
model in the second crop season.

® 7. KR TERE 16 5% B HEREALRAIATZ LA 2 TR M i (A =
Table 7. The LAI estimation models of TN16 using multiple linear regression before top-dressing
during panicle initiation in the first crop season

- PLAI=a+bPH'+cPL+dPT+ePS . Bk
2% 2 ¢ ¢ wh BN o
Parameter a b c d e N Mo d/e\l R’ p-value
PLAI Ist’ -0.3059 0.0344 — 0.0015 —
S 30 07381 <001
(Partial R?) —  (07502) —  (0.1201)  —
* PH : REAETE A ATR S - PL © REACHE A AT — R - PT © BEACHE I AT > 888 - PS © FEAL
fE AT R REHE -

® PLAI Ist * 55— HA{EREATHE A AT EE E RS Bt R, -

* PH: plant height before top-dressing during panicle initiation, PL: first Leaf length before top-
dressing during panicle initiation, PT: tiller number before top-dressing during panicle initiation,
PS: SPAD value before top-dressing during panicle initiation.

® PLAI Ist: leaf area index estimation model before top-dressing during panicle initiation in the first
crop season.
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Establishment of the lodging estimation model

. . . 1
for rice variety “Tainan 16”

Liu, Y. T. and R. K. Chen’

Abstract

The rice quality of cultivar Tainan 16 (TN16) is great, and it’s deeply loved and recognized
by the consumers. However, the rice plants is prone to lodging so that it has a high threshold of
cultivation technique. In order to explore the relationship between nitrogen application, agronomic
traits and lodging traits of TN16, this study carried out the cultivation test of different nitrogen
applications for TN16. We analyzed the correlation between agronomic traits and lodging index at
maturity stage, and established the lodging index estimation model using multiple linear regression.
The results indicated that the coefficient of determination (R”) of the estimation model in the first
crop season is 0.8111 and in the second crop season is 0.6265. The parameters of the estimation
model included plant height and yield in the both first and second season. Thus, plant height and
yield were the key traits affecting lodging at maturity stage. Then, we analyzed the correlation
among agronomic traits, nitrogen top-dressing amount and lodging index before top-dressing
during panicle initiation for the establishment of lodging index estimation models for fertilizer
management during panicle initiation. The results showed that the coefficient of determination
(R) of the estimation model in the first crop season is 0.7884 and in the second crop season is
0.6022. The parameters of the estimation model included leaf area index and nitrogen top-dressing
during panicle initiation in the first crop season, and plant height, tillering numbers and nitrogen
top-dressing during panicle initiation in the second crop season. In this study, we established the
lodging index estimation models which can help farm managers determine nitrogen top-dressing
amount according to the growth status, and alleviate the lodging risk of TN16.

What is already known on this subject?
The fertilization management of TN16 was uaually based on the fixed fertilization model.

What are the new findings?
We developed the lodging index estimation models for TN16, and it can help determine the
nitrogen top-dressing amount during panicle initiation.

What is the expected impact on this field?
The results in this study can be used to reduce the risk of lodging of TN16, and alleviate the
risk of production.

Key words: Rice variety “Tainan16”, Lodging, Lodging estimation model
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