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Simulation of leaf area and dry matter production of tobacco leaves based on

product of thermal effectiveness and photosynthetically active radiation
ZHANG Mingda', LI Meng', HU Xueqiong', LI Xiaoyan®, ZHU Yong' "
1 Yunnan Climate Center, Kunming 650034, China

2 Agrometeorological Station of Zhaotong, Zhaotong 657000, China

Abstract: With respect to planting area and total production, tobacco is one of the world’s most important economic crops.
Because this crop plant prefers warmth and full sunlight, temperature and solar conditions are widely viewed as the most
important factors affecting tobacco quality and yield. Change in leaf area is an important indicator of tobacco growth and
yield prediction, and the amount of dry matter accumulating in leaves directly affects yield and indirectly influences quality.
In this study, we used a crop growth framework with environmental conditions as driving variables to establish a dynamic
mathematical model describing the relationship between temperature, radiation, photosynthetic production, and yield. The
two-year study was carried out during 2010 and 2011 in an experimental field using planting conditions optimal for typical
tobacco cultivars such as Yuxi and Zhaotong. For the study, we used the tobacco cultivar K326. Based on theoretical
photothermal production and experimental data obtained for the effect of temperature and illumination on tobacco leaf growth
and dry matter, we established models to explain tobacco leaf area growth and dry matter accumulation applicable to
different tobacco-growing areas. We quantified temperature and illumination effects on leaf area growth using the indicators
of relative thermal effectiveness and photosynthetically active radiation, and then verified the models by using tobacco leaf
area and dry weight simulated data based on temperature and illumination observations from 1989—2011 and independent

experimental data. The change in tobacco leaf area by growth period was fitted to a general logistic growth curve using
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Sigmaplot software after corrections for correlated parameters. Curve fitting for tobacco leaf dry weight data vs. growing
degree day ( GDD ) was performed using SPSS software. Using our model based on thermal effectiveness and
photosynthetically active radiation, R* and RMSE between predicted and independent experimental leaf area data according
to the 1:1 straight line were 0.9634 and 0.1653 m® per plant, respectively. Corresponding values of 0.5625 and 2.1627 m’
per plant were obtained using a specific leaf area (SLA) model, whereas values of 0.8321 and 0.9249 m’ per plant were
calculated for predicted vs. experimental data using a GDD-based model. Compared with analyses of tobacco leaf area
carried out using SLA and GDD models, results obtained using the TEP model were more accurate by 93% and 82%,
respectively. The RMSE value for leaf dry weight calculated using our model was 27.1 g/m’. With respect to dry matter
accumulation, the degree of fit for simulated and actual observed data was 0.907 and 0.982, respectively, with a RE of
24.5% for the Yuxi tobacco test data over the years of the study. By taking advantage of conventional meteorological
observational data, such as that for temperature and sunlight, our model is able to actively predict tobacco leaf area growth
and dry matter accumulation. By comprehensively analyzing temperature and light as two key factors affecting crop growth,
the model avoids the disadvantages of previous models that inadequately consider temperature and light effects. Our model
well explains the crop growth S-curve and is able to relatively accurately predict dry weight during the mature period. This
model can consequently provide a theoretical basis for decisions related to tobacco yield prediction, and is thus of great
importance for enhancement of economic and ecological benefits of tobacco production in China. Light effects input into this
model were based on monthly illumination values, resulting in lowered accuracy of accumulative light effects. Because dry
weight data was not adequately used, the analysis of the accumulation process was not fully satisfactory. In addition, it was
not possible to accurately simulate effects on dry weight for some years because of the influence of the transplanting period
on tobacco growth and dry matter accumulation, leading to large simulation deviations in the medium-term growth period. As

a consequence, more test data are needed to enhance accuracy and general applicability of our model.

Key Words: flue-cured tobacco; product of thermal effectiveness and PAR; leaf area; dry matter accumulation;

Simulation model
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MR B B AR 05 T, 0 K T B b BRI BE e X — 3l B2, MRS Ik R 5 T, 8 R B W RIE R TR, 7,08
KB W EIGHE LR, R A B =R o (R 1)

x1 BEAREFTENER=EIRE

Table 1 Minimum, optimum and maximum temperature of tobacco at different development stages

I fiﬁ‘iﬁfﬁ %EETE-T\TBE %E?EFEJ:.FE Fi%?ﬁ'lftyf
Development stages Maximum Optimum minimum Optimum maximum Maximum
temperature/ “C temperature/ C temperature/ “C temperatur/C
FE&Fh-H 1 Sowing-Seedling 10 20 25 30
HF - Seedling-Survival 10 20 25 30
oAk -AIHEA Transplant-Rosette 13 20 25 35
A R0 75 1A Rosette-Flowering 13 20 28 35
B R Flowering-Harvesting 17 20 24 35

22 JAAREES (PAR) T

TR AT R iR Al TR SO AR 1R T R EIOR B IARZEFT AR v B Y
KT8 L3, v RO AR A E R T K PSR S S H BRI ) ELA B L A
FKF I Angstrom AR (AR 5) HE, F M KBRS (R,) 5% X A K255 (R,) HIE H IR
(DL) K 5B H AR () 22— 1Y F B 21, ARBIF 9 v 10 R 2 B Bt S B0 H AR 50808 2 B B B A DR AR
HEL(FAO) AT , SCPr B BREBCER I A BT SG0 5, ansk 2 fis

®2 FEZZFARBEHRIELHRMEE

Table 2 Monthly theory radiation and sunshine hours in Yuxi

Ay SRS (M) m™%d™") HIE H R4 h A i H B4 h HEHRSL/ (M) -m™d)
Month extraterrestrial radiation Mean daylight hours Month Mean daylight hours extraterrestrial radiation
4 37.6 12.6 7 39.9 13.3
5 39.7 13.2 8 38.3 12.8
6 40.3 13.5 9 34.9 12.1
R =R, x (0.146 + 0.559 x h/DL) (5)

AU S 2 K B SR S rh BE AR 56 B VR T TR B8 43, AS 0 9368 0 333 K LBV S {EDR B B
HARGRST . BE T ERDCEA SRR ISR 28 AT AR ARK (6) , T = pHAMR S
JE, T A g BUE N 0.417 30 PAR — KRN/ N A A SRS (J-m™s™) R JEZ/NF PIFE R
PHEHS (Jom™s™) .

PAR =7 X R, (6)
2.3 HBUEHBL(TEP) Bt

HAETR A (4) BIAZ(7) , 430K T 5 H A X S HE (RTEP) FleE: H G & A SR ST (PAR) U5 @ H
HIAXT R BN AL (7)), BRRIAER B A HARX FRAH RTEP & H 2hnimik, BNEE ¢ KAy BRURHAEUE 2 H
AR R -1 KW 80, anAa=R(8) .
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RTEP ,, = RTE, x PAR,/ 10° (7)
TEP,, = TEP_,, + RTEP, (8)
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f) Logistic AR AR, 1M i 16 1 S50 56 Z 28 AY ol 38 K BORPLAROR B RS 1 500
X AR T IR0 G, P0G T A8 Sigmaplot #4415 2145 08 sk it i A5 REVE AR C R (B 1) R
B4 0.9996, W/A 5 (9) -
13565.56

LA =-442.05 + TTTeT (9)
1 + EXP ¢ w2 )

2.5 T R

PR i RS B R AT | P S S A < S R AE K2 A5 S Logistic R Y=1/(1/
U+bg b, ") ST BRSSP U, by, b, MERHISEL, Y T EAHME , « o BRUREL, R4
R 1 5ORE FIHA R (4) 214K (8) X kB M K BRI 47 th &35, 06 T B SPSS 4k
P AT S BRI R (K1) o #r At T 9 FUR B Bl IR RO A8 b B R A5 2] T
Bl SRR R A K (10) , 3, DW FoR BT (g/m?) , TEP F7s EEFR B H (1 SF R A 41
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DW = 1/(1/203.42 + 7.451 x 0.997TEP) (10)
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Fig.1 Relationship between leaf area, dry weight of per plant and TEP
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[E]ff) R*F1 RMSE 435318 0.5625 i1 2.1627 m®/#k, i R FHAT OB L O A 45 2 5 1:1 FHEZM A R* Al RMSE
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3.2 bR E RIS
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RMSE fH 4 16.4 o/Fk, B 27.1 g/m’ TG B . fROFBRTHER AR — R0 T 9 i B8, 1 5 S Brout Ji)
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Fig.2 Comparison between measured and simulated LAI Fig.3 Comparison between measured and simulated of leaf dry

weight accumulation
FRAE M 1982—1999 48 K 2003—2008 4F- 14a fY T 12 17 2138 DX 356 F 0 i 2 5000 (3% 3) AT A TR I
R 2 X TN 5 IR 2 0] (A5 6 BE AT GE T 40 BT, 6 A48 ok 50 400 6 B R m S S Ak X 14a S
DA SEPME R, RE {58 24.5% , Ul BIBC R (015 BE R aT S e . ol T 32 A0 AR Je T R 45 52
1983 4£ 1987 4F K 1989 MRS 435 6 H 14 H,5 A 27 H &S5 A 25 H, lWH4E R IRMIX 4k 4 H )
Pl 17—~ DL L i T2 B 5 D5 AR, 24 1 B ECR 2 170d, LD AR B080 T 15% , 80X 3 4
SRR I ALAULE 55 S A s 25 K
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Table 3 Comparison between simulated and observed dry weight of Yuxi

M RHUME/ (g/ 1) SEIAE (g/#K) AR PR (o/BR) SEIAE (g/#)
Year Simulated value Measured value Year Simulated value Measured value
1982 128.5 120.5 1989 129.4 95.4
1983 172.7 87.1 2003 199.5 143.7
1984 138.7 129.0 2004 188.9 183.9
1985 96.4 119.5 2005 2135 220.9
1986 96.2 102.8 2006 199.5 174.0
1987 158.7 94.5 2007 209.8 206.3
1988 127.1 134.7 2008 200.7 223.2
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