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Simulation model of the development stages of flue-cured tobacco based on physiological devel-
opment period and growing degree days. ZHANG Ming-da', ZHU Yong', HU Xue-qiong', LI
Meng', LI Xiao-yan® (' Yunnan Climate Center, Kunming 650034, China; >Agrometeorological Sta-
tion of Zhaotong , Zhaotong 657000, Yunnan, China). -Chin. J. Appl. Ecol. ,2013,24(3) . 713-718.

Abstract; Based on the 2010-2011 experimental data of planting flue-cured tobacco in its repres-
en-tative production counties of Yunnan Province, Southwest China, the models of the tobacco plant
physiological development period and growing degree days were established, and validated by the
observation data from local agro-meteorological stations. The two models had good performance at

pre-transplanting stage, and the errors of the estimated dates were smaller. After transplanting

stage, the errors of the estimated dates were larger, because of the disturbances from farming activi-
ties such as transplanting and topping. The simulated values based on the tobacco plant physiologi-
cal development period had a higher coincidence with the observed values, especially at the pre-
transplanting stage, with the errors of the estimated dates being smaller than two days. As affected
by the photoperiod effect, the model of tobacco plant physiological development period fitted better

in high latitude regions than in low latitude regions.

Key words; flue-cured tobacco; development stage model ; plant physiological development period ;
growing degree days.

HHE Y SR 2 A 08 SR Ml 448 06 JR A
A =IO B 7 A Y 40% , B i 4Bk

EI’J 20% , &R FEAE 2 20 T T A L 57 ) R AR
SRR R S N0 R VAN - (R =R R TR [
s A SRR i Y TR AR B VDA G, TG R A
NS4 A MGRA %R AT W

w N AT (R ) BHIFE 5 ( GYHY200906021 , GYHY200906023 )
Bed.

# s HIHAEH . E-mail ; zhuyong78@ hotmail. com

2012-06-05 Yk ,2012-12-19 $237.

S S MR A KA ST ) A, AR R R B
FiA: BA: 250 5T v AR B A 7 SR A T T [ e
AT Ry M A 7 R A I Bl SRR F B R E
B4 Bt ST R e AL A B AL B Al [
KT IR B A0 s g, B 2 = A A
B A SN I R B R T A S LA AR VR &
BB WSR2 RS EL 2 kR S R
B, ANTE T KA A

VE ) A A B ADURE R S Al 2B S R B ) o
iy A <P E JRCHLRY) SRR L R, O R K



714 A

M

K

IO

24 4

=

SR RS i PR BT EE RSB X
A I R AR A AR O SRR AR R AR
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MR B A 7= 9 A T SIS TR Shy Al 00 5% A [X 4
TR AR IR RE 3 B 22 HE O T A= 7 4 14 B 4 4 A
PR STAF , X e 0 A AR 7 Y 2 T R A AR AR R R
AEEF XL

1 #HBEFEE

1.1 Ak

111 AR RO A B T S A
TV 3 T A7 P EEL R R s 3 el PR 3800 = P A L
A AU FAE (Y 5 AR TP AR X, b TP 1 500 25 S S Ry
A 2 Ao T b LA S TR) AR R 10 it
JH SRR A K326 ( Nicotiana tabacum) |, iZ 5 #F 1989
SRR E A e R A, AT A 1 R
FE AR IR R] A 2010 2011 4F % 45 P 47 A
A ZE R I P g JOULIN I S MR R A K R BRI
AT W B TA) OGRS T a4 B
Bl 8 AT TR AR S W B E | R R K A R
LT RIS 5.

W 1 Sl 2 E & (24°18' N,102°29" E,
PEEPA 1630 ) 265 A 1T ) X6 , X6 - 38 it 3t oy o
St R IEAE T b A B BE O S - K R -
AR, PR 1.5 R - m 70 3 ik 4

F1 FEMBEERESEELZFHLNE

A3 (27°14" N,103°44" E, g3 1960 m) £ 47 HH (7]
TR, 10 b - 438 5T kb oA VDI - AR b A
HEE T B R« BRI 5/, FhmE % B 1.7
e m? RIS AR B IR LR 1.

1. 1.2 BuEEdE  WuERORH A = A AL Rt
[ 2010—2011 4% RN A S AR 7% (5 0 A B R
SR SRATAR ), B0 A Rl K326 , Pl bk a5 3
MFEEAR G 1 km SN b, 2010 4ER R0 K
i K (25°02' N, 104°40" E, 3K 1841 m) A% 1L
(25°07' N, 99° 11’ E, #F #k 1652 m). I &
(23°53’ N,100°05" E,##4K 1502 m)3 3},2011 4K
F¥E (24°20" N, 102°33" E, #fEiK 1841 m) A#1L
(25°07' N, 99° 11’ E, i #& 1652 m ). Hf il
(27°21' N,103°43" E, 4R 1949 m)3 ¥l £5 55 819
A IR WL 2.

1.2 W5k

1.2.1  ESUEHENEE A F I E (physio-
logical developmental time, PDT) 48 7F fi ik i . V6 5%
P8 e 58 1% B 45 B B Uity 1 ek I R]. AR AE
BAEROCHRIF T AR —~HE X — 1M ERAKEH,
MRS AERGER L MEREFH/ANT 1A
SRE R R B BT A A H R B R )
ZW Bt H AR A B 8 R0 1Y 2. AR 3R I
()2 FHPEL R 1) A RS AT R A (] S S A R A X
PRI A= T B AN (] 7 TG 1k T J R RUBE 1 A= 7 A4
AT ) PRI, 7E 1 N Ah iz TR AR AR =
YERII A= B 3T

Table 1 Observed dates of tobacco development stages in Yuxi and Zhaotong

AT AEY £ i —Ht DU L LEM Rk Zikys W TR
Site Year Sowing Seedling Second Four true Seven Transplant Rosette Flowering  Technical
true leaf leaf true leaf maturity
K& 2010 01-29 0222 03-01 03-16 0329 04-25 05-18 06-23 07-08
Yuxi 2011 02-01 02-20 03-01 03-15 03-25 04-20 05-10 06-14 07-11
U251 2010 01-28 02-26 03-10 03-17 04-01 05-09 06-17 07-03 07-25
Zhaotong 2011 02-07 02-28 03-24 04-03 04-13 05-04 06-18 07-18 08-03
x2 ZHEANSEERRENEETH
Table 2 Developmental stages of typical tobacco-producing counties in Yunnan
Uil A AR £ i —Hn P LEm 2% ZikyS WA T LA
Site Year Sowing Seedling Second Four true Seven Transplant Rosette Flowering  Technical
true leaf leaf true leaf maturity
fifi K Luliang 2010 02-22 03-12 03-27 04-02 04-16 05-05 06-20 07-10 07-20
£111 Baoshan 2010 02-04 0222 03-12 03-24 04-06 04-21 06-30 07-14 08-12
i Lincang 2010 02-02 02-22 03-06 03-14 04-12 05-11 06-24 074 07-31
FIE Yuxi 2010 02-02 02-22 0301 03-16 03-29 04-25 05-18 06-24 07-08
FIZ Yuxi 2011 02-12 03-04 03-14 03-28 04-14 04-28 06-02 06-16 07-22
f#111 Baoshan 2011 02-07 02-25 03-10 03-20 04-16 05-05 06-10 0709 08-07
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R ML R ) AR, K326 X8Ol JA 30 1y e 1o R
A —E R H A, 22 H IR B S 0T I 4
(1IN =IO TOE o = L SRR S DN
B T2 AR A BRI (E]HERE (RPDT) 32 % iy 44
S (relative thermal effectiveness , RTE ) A1 8 154
I ( relative photoperiod effectiveness, RPE ) F:[a] g5 |
TR0 T SRR AR 3 G 19177 A 5.

L2, 11 AROW A BN 5 VE W) 7R SE B il i 4%
PFN AR L I [B] 5 7 3 i B 2 PF T AR B )
] 68 L B3], R AR 2R 7 e 8 b e R A R et I
PP, T o g AR = s X, SRR K FR N &
AR DX il 22 5 AR R, 45 A K 2 A e e Ul B e
RIS 2t oo Yt B3 L PR B AR ) = B
LMK BT 5 H RTE:

0 (T<T,)
(T-T,)/(T,-T,) (T,<T<T,)
RTE(T)= 1 (T, <T<T,) (1)
(T.-T)/(T,-T,) (T,<T<T,)
0 (T,<T)

A RTE(T) iR EE N T W B F X R0 T, Kk
B R B, AR T i B & B R R
0;7, 0 A M BRI, M2 B 45 1k &
BT, NEBEGEIRE TR T, N EE RS R
JE ERR. 045 A B = S S R W 3T,
L2, 1 2GRN O A0 4 VR W A 52 ot
FRAM T AR SEEAR G A T A K iy Lo o, 3L
HAE O ~ 1, MRS IR RS Ak 2 B 101, o' J) 31 3580 102 3ot 4
FRAE R SE M. B H ARG R 338007 vl AR 4 H 4 |
Il 5t H A F el H KRR, H KR F IR A H KA,
FHXT I SE AR A1 5 H KA TR A H K 55 A
R3 REASTELAEHN=ESEE

Table 3 Minimum, optimum and maximum temperature
of tobacco at different developmental stages ( °C)

EHY RAGRE  EaghE RERE RRRE
Development Maximum TR EIR Maximum
slage temperature Optimum Optimum temperature
minimum maximum

temperature  lemperature
Fh- i 10 20 25 30
Sowing-seedling
- 10 20 25 30
Seedling-survival
APtk 13 20 25 35
Transplant-rosette
AT 13 20 28 35
Rosette-flowering
R 17 20 2 35

Flowering-harvesting

FZ T AR 301800 B 38 T v e
H AN Tl HASE ARG R0 1%

0 (DL=DL,)
RPE={(DL,-DL)/(DL,-DL,) (DL>DL>DL)) (2)
1 (DL<DL,)

KDL WG F H A, BUE A 14 h; DL, s H
KA 10 hy DL A 5Eks H A, —4E PR — K1Y
DL(h) AANF .

DL=12x[1+(2/m) xsin"' (a/b) ] (3)
HH . a = sinAsind, b = cosAcosd. Hrp , sind = — sin
(23.45w/180) cos [ 2 ( DAY +10)/365 ], cosd = 1 —
sindsind, DAY A—A4FE ) H P, A I HBERL B, 6 R
KBAZRER (+23. 45°).
L2. L3 AMEFRE A EFEE(PDT) H 4
H 1 RPDT SR . B IHREFh 22 T2, 5 H 2k
N AR H RTE A H RPE B AEHE. & H AR
SOV R BEJE R T PDT, 220U F .

RTE (HEF-FE )

RPDT={ RTExRPE (R #M-BLEH) (4)
RTE (B - T2 nad)
1.2.2 AEKEHE AKEH (gowing degree

days,GDD) FEVE e SE PRI 5 F T, SE L —
A BB AT 2R SRR AE. AR H % iE
TRAETIAKE H®E B/ Btk
Yy, AR H W TR Y & B WA AL 500 R
K H R IALE SRR AR T, e e — A ' Y
BOT Sz i) BRA OB . RAEEM A KR E
MrBAE R H AR B R R AE KA RIAE R
I R EUA RO, EE T 5 0 R B o B B A
AL GDD(C -+ d) AT

GDD=3, (T,~T,) ()
P T ORI R RS SO B AR B BT B
PRI AR A F BN BUE R R 3 th & LB
I ARIRE T, o0 H BT EE . 2528 5 W BoA BRI 1)
HAAXT

A= (T,-T) (6)
KA ANEE BB A SRR, 4 A
LUNENU S N IR RS AL B I 25 EIN I N
PR AN T2 ).
1.2.3 MRRAE Tk SR B AG AR v R ik
(root mean square error, RMSE ) FIAH X 132 2% (relative
estimation error, RE ) X L fUL{EL 5 WL I (R A9 45 5 B2
F143 8. RMSE {E8/)N, 22 BHBUE 5 5200 (B Y — 2L
PRI R D A R B 45 R BOE RS, RE (A
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<10% , F BIALAUE 5 o0 — 2tk 3R # 47, 7E 10%
~20% NI 1E 20% ~30% LR T —%, >30%
FE IR 5 S BB I 25K, BRI AR 458 25 . RMSE
1 RE (i EARAT .

N

RMSE = | Y. (OBS,- SIM,)*/N (7)
i=1

RE =RMSE/0x100% (8)

U SIM, (OBS 735 0 58 LA A= ) 0 AR A
PR PRI KK N A B RE A 2650 D L
(AR IIREAS 55 0 S S AP 2.
2 ERESW

BRI S
BT 2 i A e AR AR RS A A 7 BUR T
R H AP R, A 1~ 4 A 000 &
i AR AE BN BB SR TR EEIHR
MAEARE | e PR B Rk AR
WA T2 8 MEFBMSE . hk 4 LU
B AR Z AT, 25 5 1 G B i 4 B[R]
B, B RIS 2% G BOUT S B AR B R, T
FORREAR BN AR |, i 75 A= BRI (] Fe 22

2.1

x4 BESLEFHHEKER(GDD) AL E R FHE
(PDT)

Table 4 GDD and PDT for each developmental stage of to-
bacco (d)

SHM ERER EMEE O AEH AKER AEAE
Development GDD i} [i) Development ~ GDD i} [i]
stage PDT stage PDT
Hi 88.6 7.4 253 126.6 46.4
Seedling
ZHM 74.5 13.9 ZilyS 289. 1 1.4
Second true leaf
Y L 75.5 19.6 o 137.7 87.7
Four true leaf
LEN 123.6 32.5 TR 1381 108.7

Seven true leaf

x5 BMHRFHEAEIFAEARMREZFHTNIRE BHE

2.2 ARG

FIFH 6 3 Hs K A B A 0 53 B R 3 (1) 1%
H P2 AU AR =X (1) ~ (6), 700353 & ol
USRI B AL B B ] S B K H IR
G5 T AR A5 S U R B35 45 A B B I 1)
SEBR HA NIRRT R H ) | X FARRUUE S5 52
H 225 XA RS () T 5 SR R AT R 56, Hopr
TN A B A R A B, O A S e O OE.

H 2 S ATLAE Y, A 3R 7 A [ 92 6 S ) A A
DX 4 10 A B AR UL A8 R A i, U L AE RS AR DT i 1Y
PO BT SR 22 HAL 2 d, AR K H LA
PR 22 , AR Z R0 YR 2268 7 d.
B KR RS B ANBIR R m G R & IX,
A PR B I TR 1 1R 25 K ECEU/IN, AR 26 FE AR T
PRI vl DXl 25 5, T A K B 400 1 il X
P eSO NI N A g 1= N 121 S LA B e Al vy =
A= RS 55 00D A ] 1) D 7 R B (R ) 43 5k
0.97 F10. 85, A3 & 7 B[] 325 1) A X 158 25 80/ 1N, A=
KEE HIE AR IR 22K, U HAER A Z )5 |, Bk
JEAR G, TO0I 25 5 0 — B0k 22, SO TR o T
Rk, T B AR (1 T 1 A 22 (BT 1)

A RUASAUL {5 5 b LI 2 (5] 9 RMSE B
RE {5 AT LLE A 30 % 5 s ] vk i 5 J 452 3 R
BB SR T AR B B L AR E B )
MFEFD 2 G B UE LR AR AR
PE T2 R RMSE 409k 2.1.1.2.2.3,
3.12.72.43.73.3d,RE{EN 11.4% ,ik3] T
PRI s AR KR H 40 1.2 4.3 5.6,
6.2.6.7.8.59.69.1d,RE {5} 28.7% , #4550
B2, M T2 N ARG, FER AR I
PP R ZE BN PR 22 2 ~ 3 s ARz
Ja , R ZEY KZE 3 ~ 10 d.

Table 5 Prediction errors of two models with different developmental stages in study areas (d)

AEH ffi K 2010 11 2010 Il 78 2010 EI& 2010 11 2011 EE 2011
Development Luliang 2010 Baoshan 2010 Lincang 2010 Yuxi 2010 Baoshan 2011 Yuxi 2011
stage GDD  PDT GDD  PDT GDD  PDT GDD  PDT GDD  PDT GDD  PDT
HH Seedling -1 1 3 -2 -1 1 5 0 3 -2 2 0
LM Second true leaf -4 2 7 0 -1 2 7 -2 8 -2 6 -1
PUE I Four true leaf 5 -1 5 1 -1 2 4 3 9 -1 7 -2
L E I Seven true leaf 4 -2 9 -2 -10 3 5 -3 11 2 9 -2
453 Transplant 2 -3 10 -3 -12 3 -6 3 9 -3 11 -3
FAIRE Rrosette -6 -3 -7 -2 -20 5 6 2 7 -4 14 -2
B Flowering -8 -2 -10 -2 -15 5 -7 4 -4 -5 13 2
T Z 34 Technical maturity 7 -3 11 3 -18 6 -6 3 -6 -4 17 3

GDD: A K £ H Grawing degree days; PDT 42314 B HFIA] Plant physiological developmental period.
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Fig.1 Comparison between simulated and observed days during each developmental stage for tobacco.
GDD:AE K H Grawing degree days; PDT 43L& & HF[] Plant physiological development period.
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PEATTI i 22 M MR g 255, 220 1 i ol AL 5 A
PRI OS2, 2 B H e A i I

TR A 7 i R N TR E 7 o I H
B FERE AR N S E A ) 5977 3, MR A
B B/ B 5 HIK B IR kG T B R
T AR A , DA, 76 6 A e A RS R 2 iy, P
b 75 RS FDUE 55 S 000 L P R 22 AR AR /DN, 8 AR kA
MR Z 5 G AR AL R AR IR A0 T, A
FHAE PR & IR S R M0 ) e B R 22 1 AN
T B2 AR RO S ), 2% R 3] g a2 W) A A R
B HYIRHAERT, R A TG R0 % B A
YAV T BT AL E R R PE T 5 GRS T
HHAR A BB, X 448 AN [ JA X BB 2 SRR T
A B A F N () A TR A A ] A X T S8R A 22
S, JUHAE 26 FE e SR B 78, T 41 ] 5%
H 2 DT AR 22 8K, BRI 2 )5 I ve A X H
S VNS F SRR R 7/E (L RN &2 G ey = i
JERRAEIR T2 b A 7 6 B2 3 o fd 22 1 443 J3E A1
PR v 1 A Xl A P

AR H AR D — R B SRS A S A
AT IR TT I B AR A, B A TR B AR
2 THBCE A T SR MR AR,
2 TR EEE L, R R Y PR A A AR
JEE 22 A, e AR E T 24 0 A5t R il Bl

W A R R AR HEE T R R 2 IO
JE AR BRIV, 8T BRI R

ARSCRR A A HRUR N AR E AR HAEE /Y
JEURE, 555 2 B RS AR RS A ST T PR A I
SRS 25 SRR B ) A 5 o A 28 300 e A
A KR W, REIA B SEMERR A BUSOCR | AR P A
)3 B RURCR L T A K H % X S5 E AR Z
FHDCHFE G A — B 2200 A KB H R Fh 3k
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