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Abstract: Yunnan Province has a complex geographical environment with large altitude differences and significant climate vari-
ations. The province has the largest tobacco leaf output in China, with flue-cured tobacco-growing areas distributed at altitudes

* ERARPRFEETE (U1902209), =4 HAREILETIE (202201A8070069) Iz & L4 R LR G R RHERH 5 i 4T T
I H (STIAP202413) % Bl

o GEAEMES: ErPH, EEMGRLSE 9T . E-mail: gxhzy@sina.com
NI, FENFATLHFT . E-mail: 454382016@qq.com
Wik FLBT: 2024-09-19  #232 F 1H1: 2025-01-15

* This study was supported by the National Natural Science Foundation of China (U1902209), Yunnan Natural Science Foundation Project
(202201AS070069), and Meteorological Science and Technology Innovation and Capacity Improvement Project for the Primary Stations of Yunnan
Meteorological Bureau (STIAP202413).

** Corresponding author, E-mail: qxhzy(@sina.com
Received Sep. 19, 2024; accepted Jan. 15, 2025

http://www.ecoagri.ac.cn


https://doi.org/10.12357/cjea.20240580
https://cstr.cn/32371.14.cjea.20240580
mailto:qxhzy@sina.com
mailto:454382016@qq.com
mailto:qxhzy@sina.com
http://www.ecoagri.ac.cn

1372 HhE A SR R (P ) 2025 o 33 %

between 1 000-2 000 meters. To understand the relationships between the chemical quality of flue-cured tobacco and planting cli-
mates, we analyzed field experiments and climate data from 10 counties (districts) from 2017 to 2020 in Yunnan. Systematic cluster
and principal component analyses were used to analyze the effects of the planting climate on the contents of nicotine, total nitrogen,
and protein in tobacco leaves. The results showed that the climates of tobacco-growing areas of Yunnan Province during the tobacco
field growth period (from mid-April to late August) were divided into six types, indicating climate diversity in planting flue-cured to-
bacco. Most planting climate types exhibited the main climatic characteristic of Yunnan’s low latitude plateau region, which is
marked by lower average air temperature during the tobacco field growth period, with the average values of the hottest month being
lower than 22.5 °C. Simultaneously, during the vigorous growth and maturation period of flue-cured tobacco (mainly in summer, i.e.,
from June to August), the region experienced higher average relative humidity (exceeding 78%), increased rainfall (being greater than
5.5 mm per day on average), and reduced sunshine duration (less than 5.0 hours per day on average). In contrast, during the trans-
planting and root growth period (from mid-April to mid-May), the region experienced lower average relative humidity (below 66%),
limited rainfall (less than 1.8 mm per day on average), and increased sunshine duration (more than 7.0 hours per day). In other words,
in most tobacco-growing areas of the Yunnan Province, the characteristics of phased climate change during the flue-cured tobacco
field growth season were similar. Higher average relative humidity and more rainfall during the tobacco field growth period, espe-
cially during the maturation period from July to August, were conducive to increasing the total nitrogen and protein contents in the to-
bacco leaves. Lower temperature conditions during the field growth period, particularly in the vigorous growth and mature periods,
were associated with nicotine accumulation in tobacco leaves. In summary, the temperate, humid climate with inadequate sunlight
during the vigorous growth and maturation period of flue-cured tobacco was the main reason for the relatively higher contents of the
aforementioned three chemical components inside tobacco leaves in Yunnan. The climatic characteristics of the tobacco field growth
season (temperate, humid climate with inadequate sunlight in summer, and relatively dry, sunny, warm climate in spring) had signific-
ant influences on the contents of the main chemical components (including total sugar, reducing sugar, potassium, petroleum ether ex-
tract, and the three aforementioned components) in tobacco leaves. These characteristics led to the development of distinctive chemic-
al quality traits of tobacco leaves produced in most of the tobacco-growing areas in Yunnan. These results can be applied to the devel-
opment of characteristic tobacco leaves under different climatic conditions. They would also help predict and evaluate changes in the
chemical quality of tobacco leaves under varying climatic conditions, thereby providing a scientific basis for the tobacco industry to

rationally allocate raw tobacco leaves from different regions.
Keywords: climate of flue-cured tobacco planting; chemical quality of flue-cured tobacco; systematic cluster; principal component

analysis; Yunnan Province of China
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Fig. 1 Distribution of flue-cured tobacco field trial sites
(weather stations) in Yunnan during 2017-2020
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Table 1 The years of trial for 10 experimental locations and their time frame of the growth and development stages for flue-cured
tobacco (month-day)

e 2017—2019 2017—2020
H:: ﬁ‘%:l > 5 » ).
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and root
growth period
ER A 05-01— 05-21— 05-21— 05-11— 05-11— 05-11— 05-11— 05-21— 06-01— 05-11—
Vigorous 06-10 06-30 06-30 06-20 06-20 06-20 06-30 07-10 06-20
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growth and
mature stage
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Field growth 08-10 08-30 08-30 08-20 08-20 08-20 08-30 09-05 08-20
period

http://www.ecoagri.ac.cn


http://www.ecoagri.ac.cn

1374 o A ARl 2 (PP 0) 2025

% 33%

it 600 mL, AN I AT 55 . B AR AR AR K (6 A
FT) AFE MR T 52 e 7K psf /0 e VEE I, B 08 1 e ot
60% MPRIESE 3 d T2t Fr it BLE S 22, T4 3
ANZE H 17:00 FENIRRAR FBBEK — K, BERR S — K
it 100 mL, PAB 1E T2 S BRI
IV B B IE {2~ e 9 2 VU, R HEA T N TR
PR Bk 7K B0 2 2 K R K el G T L 5 ), 76 2 d Y
52 WCHE /K A B 2840 T AR K o R A K i it A
TR Aty FET ] 45 B ot 0 26 45 AR A () 2 75 390 A 6 )
KB R FH TR]— b o St 38 56 19 [ AS Tt FH A ] A
255 A HUH o

I AE 10 NI s B AL il R B W R H
W1, R R AR . AR JFAEI L LR
109 4 35 3k SO R e o LR B S B H . AR
TS - BRI TP C3F 2R M BRORE | iRy
BrEAREAL 22 LA M0 . R RN TR S . [l
FHAB IS w1 B R 5l S 32 A5 00 I 4
P AR SR A DG AT o

10 MRS s, A 5 A 4 4R, 5 3 4R
K (R 1)e B2 w45 MU B = 3 R X3 < fi 22 57
R R L 10 AN 56 05 R 0 AR B Y B
PR R A 225 (3% 1),

1.3 EHESRIENED H

2017—2020 4 10 355 o J5 40 O 1 AR K
HRZHBIRE T omMAILFELE T L. HI13
AR BE R AR A, b, TR TR S
SRR (D) Fem Ul (T, SRR (T e
TR (T S ARHTE VR (7)) MBTEDRE H#8
2 (T). F¥ 5 ecmMiE (Ty). F 1 20 cm Hi iR
(Tio); KB TR HEF KR (P) . FHH X
JE (RH). FEKHE (R). MK H L (R, ¥ H K2 =
0.1 mm 1), Y68 R 721 % p8 H BERTEL (S).

BEXE 13 AN E R, i HIZ H A WA 73 5]
it 4R S IR AR K A K 5 B B i A
PR BB AT B AR ER A HAL N
J¥45 Ha 50 A 7 1 48— Ly, B BRAS 3 45 A B R B
13 AR (H AR &8) AT A, FEASHR R 35,

2017—2020 4F 10 355 3 76 X5 FH 80% HH % 1Y
RO I AT, X R R C3F SE R i ORE L AR
R AR 3 4 A4S BRURE DX > BBORE DXCRE I 1 A4 Bl
PLIE 5 BRHEMH, 4 BUP R C3F 24t 1 o, & 9F M
1 O3REAR; B 1 MRS 1 MRAEA 4 (0 ERES

A 50 IR AR AR b B B OB R R
SR R R AR 2 B A3 S AT (4 s v 32, o Bl g

!}

i

T C3F SF AR A f e 0 e FLIR A . Bl 2R
PR E 0 5GP EN E A . Hh,
A RS B B (AR 6 ) 1AM e 1 e
AF 4y M RE S SR BIE IS 1 AREA, 10 4
TR0 H 5 A0 AR IE SRR A KR 35, 4 R
B3 44 HR B0 AT 5 HR IR AR T 1 48— T, A
FHEN 3 A4S pE o B R RVA(TN) . AR (PT).
B (NT) 3 A~ S A T 51
14 HRFAE

ARG REED BBFREER (T, Tw).
KATEZR (RH, R) AGIRZE R (S) 3k 5 TR i
fabR, T 3 A EFI B BRI . RERI . Al
BUY) F 15 A AR R REA R B, R FH RRCEGBE B
7 R BOR R0 43 9 R O A KB A 2SR (R
ARG FEMLIERE L, o BT A 2SR ) 22 5 xR
BAZE RS RS

it FH 3 143 4387 (PCA) J7 Y, e B IR 75 e 4
b3 (R 3 AN A62F B0 B b ) . 45 28 B B B
SRS Y (13 AR R A ) iR AS T 51 A2
TR B /08 32 W4y o P Pearson A G 43 A 125 40 #r
WIS 7E b L Z R A G . S5 B ED A 52
F G2 S0, il R A PR 7 X R I 454k 2 i 75

Y o

2 HERESW
21 BAXEHAERKBASEERRS

RGERFEHE 3 =/ 5 K H AR 6 1~
T, Al 6. 11, 5. 3. 8 M2 MAEAR, 45
HH =5 A B W B B A S e A 8] AR S R AR
BRI S AR BRI, W IE 2 s

Fie FEORE 7] A Y B ] — N U R T 6 MR
A BEZRZAE T, FHR MK () 8K D).
. BERZ). m () 5 DY, TR 6 Fl R
BRI ES 5 . FL i, Typel g+ H IR D+
JE R A, Type2 Sy #A R i &5+ H R+ 5 A 4
5 A S B A5 o by S 0 R B Ak A
MBI RERH . .

W 2a fros, 34N E W BOE 3 AR B A2k
T[] 25 S BB CVAH R 6%~T% (3 I 5 2% SD
g 1.13~1.45 °C), F-44 20 em HIE H9 CV {E 4 6%~9%
(YT 1% SD B M 1.34~2.18°C), “F- 34 A %I FE # CV {H
M 6%~15%, H IRIEE) CVE A 10%~32%, FEK &
) CV {H N 25%~82%; I H. 3 P& B Bt 5 A~k
i BN REA ] CV /N TR AR RLE CV 1,

http://www.ecoagri.ac.cn


http://www.ecoagri.ac.cn

55 7 3] NG5 5 A 2 P 2 i B XU A 4 ol Al PR 1375

TR AR RERH
Transplanting and ~ Vigorous growth gl

- 90 *gﬁ@*ﬁﬁ;ﬁ . E}_{Ql@q = A (a) 30  root growth period period Mature stage ()
2 g0+ Transplanting and ~ Vigorous growth Mature stage T =T LA B
& 79| root growth period period o 2510 g 8 T @ T
& £ 60F i E 20+
W% > 50+ = 2
D= S 40t FEb
=i _§ 30| B g‘ 10
2 20¢ e
210} [ 3
S ol - . . . 0 : i H |
T T o RH R S Type Type2 Type3 Type4 Type5 Type
S fEEE % Climatic element S S Climate type
i - FERAAR = IR = A
10 = AR = HERIH = Rz () ® 100 Transplanting and  Vigorous growth Mature stage (d)
L, 9 Transplantingand Vigorous growth Mature stage > 90} rootgrowth period period
= 8}  root growth period| | period %
= 4l =g
#® 5 6 =2
= =5
=5 51 =z
=35 4 £5
O o s
£ 37 By
g 21 &
L
0 . . . . . < . . . . .
Typel Type2  Type3 Typed  Type5 Type6 Typel Type2 Type3 Type4 Type5 Type6
SfFESER Climate type A2 Climate type

T: YRR T P34 20 om MBI RH: P BRI EE; R: BRI & S0 H BRETEL Typel-Type6 4351 0 B35 Hias 204 K HH A= 3 6 Rl i < fse 2k
T, AREEIET 2017—2020 E 2 BF 10 Hi 5 FH AR B (19 R 20T 45 - . T: average air temperature; T,,: average ground temperature of 20 cm depth;
RH: average relative humidity; R: rainfall; S: sunshine duration. Typel-Type6 represent the six climatic types of tobacco planting in tobacco field growth period,

as identified through cluster analysis. This figure is obtained by cluster analysis based on the climate data from 10 field trial spots from 2017 to 2020 in Yunnan.
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Fig. 2 Climate element values of growth stages in tobacco field growth period for 6 climate types and their differences among
climate types in Yunnan
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Table 2 Chemical composition contents of flue-cured tobacco samples and their intra-/inter-class standard deviation across climatic
types during field growth period in Yunnan

p— J4A Total nitrogen /% JHTH Nicotine tobacco /% R Protein /%
Climate type T E e T E e T E e
Mean value Intra-class SD Mean value Intra-class SD Mean value Intra-class SD
Typel 2.15 0.34 2.60 0.53 10.77 2.45
Type2 1.98 0.33 2.42 0.48 9.23 2.86
Type3 1.98 0.20 1.97 0.22 10.25 1.47
Type4 1.98 0.23 2.44 0.28 9.74 1.31
Type5 1.76 0.36 2.21 0.29 8.61 2.36
Type6 1.99 0.32 2.53 0.72 9.44 1.29
JsIIbREZ Interclass SD 0.13 0.23 0.77

ARFIE2017—20204F- 25 5 10 5 FH B IE 1 /3 M s S, Horb 28 falpn il 22 1R 4B 45 JSRA T (BT 545 51 . This table is the results based on the 10 field

trial spots from 2017 to 2020 in Yunnan. The inter-class SD value was obtained according to the sample mean of each climatic type.
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Table 3 The degree for principal components of climatic variables fields of tobacco growth stages to explain the total variance of
original variable fields

AR EKS - HE A .
BRI HERM e HER M SR
Transplanting and root Vigorous growth Vigorous growth . .
. . Mature stage . Field growth period
growth period period and mature period
F1 F2 F3 F1 F2 F1 F2 F3 F1 F2 F1 F2 F3
PR fEL 421 359 326 724 398 606 384 173 572 510 508 411 244
Value of characteristic root
it PR JE 3239  27.65 25.11 5570 30.58  46.62 29.52 13.32 4401 39.21 39.06 31.60 18.73
Degree of explanation /%
Btk 85.14 86.28 89.46 83.21 89.39

Cumulative degree of explanation /%

Fl. F2. F3rCERAIRAE TR B REA 1 . 452 3300 SRR Jo iy, A ARY%2017—20204F 2 F 10357 RS0 e 2t
53 HTAR5 . F1, F2 and F3 respectively represent the first, second and third principal components of variable fields in the corresponding growth stages of
flue-cured tobacco. The values of characteristic root are dimensionless. This table is obtained by principal component analysis based on the climate data from 10
field trial spots from 2017 to 2020 in Yunnan.
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HEERSWEFESREY(TEHN)

Table 4 The factor score coefficients of the principal components of climatic variable fields for tobacco growth stages in Yunnan
(being dimensionless)

S
EHB B Fs FZS S KA HF Factor of
Growth and Principal Factor of heat condition Factor of water condition light
deveslt;)pznent component condition
£ T L, T, T Tn T T T, P, RH R R, s
R AR 1 Fl -0.050 0253 —0.102 0.059 0022 0003 0044 0048 0339 0319 0.184 0.154 —0.237
Transplanting F2 0.045 0366 —-0.149 0298 -0.046 0207 0247 0286 0217 0.174 0.048 -0.027  —0.098
and root growth
period F3 0214 0051 0309 —0.157 0308 0.034 0021 —0224 0097 —0.050 —0.099  0.002 0.046
\Efﬁﬁﬁ Fl 0.094  0.096 -0.029 0107 -0.040 0.111 0108 0.105 —0.092 —-0.115 —0.096 —0.110 0.108
1g20rous
growi’hperiod F2 0206  0.149 0301 —0.048 0306 0.120 0.134 —0.096  0.172 —0.005 0.086  0.059 0.043
ey Fl 0.53  0.54 0.114 0074 0.117 0.154 0153 0038  0.104 —-0.103 —0.035 —0.036 0.071
Mature stage Jo) 0.049  0.009 0.153 -0.192 0.153 -0.020 —0.021 -0.216  0.130 0.068 0.181 0.188  —0.125
F3 -0.067 —0.039 —0.127 0.154 —0.093 0.073 0.090 0167 0406 0.590 0366  0.003 0.428
HE K B Y) Fl 0019 0039 -0.112 0164 —0.111 0072 0068 0.174 —0.136 —0.110 —0.149 —0.159 0.115
Vigorous
growth and F2 0179  0.160 0.193 —0.022 0205 0.137 0139 —0.061  0.142 —0.068 0.035  0.029 0.042
mature stage
KA Fl 0518  0.637 —-0227 0909 —0.157 0775 0784 0872 —0.067 —0373 —0.466 —0.762 0.765
F‘e:)deﬁg‘awm 2 0832 0704 0912 -0.136 0962 0576 0572 —0314  0.531 -0.294 —0.008  0.065 0.123
F3 —0.158 —0.022  0.054 —-0243 0.145 —0206 —0.166 —0253 0810 0852 0.747 0441  —0.239

T: SRR T oo il T B T SRS HLTETIR Y T, S MRHB IR Tos: Y3915 embbifil; Tonp: 35920 emdthifi; 7, MG A 402%; P F
BI/KIJE; RH: PRIAHXAREE; R: Bk At Ry FEm HEG S0 HERREL, FL, F2. 34300 AR KO B BEAR RIS, 452, 3. &
FEARYE2017—20204F = 15 103 5 H AR IS SRS M E 2437158 . T: average temperature; T,,: maximum temperature; 7,: minimum temperature; T,:
maximum surface temperature; 7,,: minimum surface temperature; 7,5: average ground temperature of 5 cm depth; Ty,y: average ground temperature of 20 cm
depth; T,;: diurnal surface temperature range; P,: average vapour pressure; RH: average relative humidity; R: rainfalls; R,: rainy days; S: sunshine duration. F'1,
F2 and F3 respectively represent the first, second and third principal components of relevant meteorological variable indexes fields for tobacco growth stages.

This table is obtained by principal component analysis based on the climate data from 10 field trial spots from 2017 to 2020 in Yunnan.

F1R/INESIE RN 10 R K H 8, R KRR X e i
I 3 AN A5 5 o B(E, L4 6HE B B A /D, X Fl
KNG, AR 0N, Hop AR 1 K145 3 44
XA/, o] AT (& 4). & 4 P HA F 50 &
B WS A P R R, TSR AT o
25 MU ZEEATEHERS T

BEXT 3 TAL A B A3 B R AR R AR R I R AR
J¥ 5 4T PCA 43 #r, W H2EL 3 A 4 (€ 5). H
o BT 2 A 35 A R A MR X T 25 4 R E 43 1
42.11%., 39.84%, SR iHE R K 81.95%.

FRYE PCA 43 H7 JE B AN 5 455401, 40 4k 27 B 4

x5

51 ATl R

ZF1 ~ 0.517ZTN+0.524ZPT (1)

o ARG P R Z oM N AR A AR AR i, Horp
TN A SVE & i, PT 2R H i &, #0581 F s
F1 P2 A ERON, B TN, PT #K, 85 1 E 7
F1 13578805 o

B, 3% 5 H 2R 2 ERr I+ F2 R T4
Bl B dt, FLAY 2 AN B A3 P i A A 4 X R/, ik
NT #EK, F2 T 8m . 26 2 20 7 rlfaj ik
RiEN:

BHUZER SR ETESER SN RAEENTENEAENEREREETFESRY

Table 5 The degree for principal components of the contents variables field made up of three tobacco chemical components to ex-
plain the total variance of original variables field and their factor score coefficients

FE R HIFFIEAR Characteristic root of principal component

[ F154> %X Factor score coefficient

%, P > St g g
- R AT AR R SRR o - .
Principal component  yjye of characteristic  Degree of explanation  Cumulative degree of explanation o - o
Total nitrogen Protein Nicotine
root 1% /%
F1 2.264 42.11 42.11 0.517 0.524 —-0.021
F2 2.127 39.84 81.95 0.209 —0.142 0.898
F3 0.986 18.10 99.99 —0.034 0.063 —0.169

F1. F2. F35R5IFom Mt L4 o2 s e 1 352 SB3M0rH 1o ASFRAMRYE2017—20204F 104 5 HI AN KO (2 i 2 i 2. F1L F2
and F3 respectively represent the first, second and third principal components of content variables field for tobacco chemical components. This table is obtained
by principal component analysis based on the data from 10 field trial sites from 2017 to 2020.
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ZF2 ~ 0.898ZNT 2)
b ZNT AR08 B A bR AR i, ZF2 5 2 R
OrIBREAS B
26 BEATEFEIRD (FETE) ZEIMNHEXME
AP TR 2R A B AR R S S R E B
AR 37 1 S 2 8] 1Y Pearson A 5GP ; MR 5 1T
WA (1), A Q) R4S 328 or e i < 7,
fifi 43 35 ANEEAS 15, xRS IR 3 A~k 2B o
B4 A5 5 MNMETHBRY 13 AN TR A
A (R 6). GiREW, S MEFTM B EY
5 A 2 B A3 B AR i 2 (R A 7 % A
M A (P<0.05 5] P<0.01); 5 B A FIE A&
A G B PR K P<0.10 A% R T, 1 8 00
I 43 R A KR . KRR . KR
H HEET 4 (P<0.05); 763 A A H AR A ~F- 35 40 X 1
JE KR BEKED . BRAK H B 7R RS AR AR I A
FARR . AR TR . PR MR R H

2 (P<0.01). 5 MBS 2 A OC W 2 oK T 38 2
P<0.10 A5 K, 16 K AR K 301 A HE K B S 300 46
ST R . AR PR R AR
SEA4 5 om Hb I RS2 20 om Hb IR, 78 FE K ] 0 A
Mo TE R . B ARAR . AR, o AU 1A
AT 58 1 AEF RS B B I A DG B K
- P<0.05; Ho Al S A5 R 5 %0 7 R AR B A OG B
PRI AR T T g A8 1 3 32 B 43 22 18 ) A G fg 3
PR FAn, 8 00 A & S R o S AR R R
SRR R . BT R A O ey, (AR
PR P<0.10,

6, RO W I 6 NMAMRER, AL Rk
S BEA DAL B (5 AR RN b i) Aty (B AR
FAFRAT ), AR F MR KR LR R2 W e 4 R
WEELZ, B AT R 23R 1 2 0 K AR R T R
K. AKRSFTRE, HBAFEFEBR . EARS R
Bro [RVEL AT LU 6 b R1AEHABAR SR

xo6 REUFHSAIETEFSRETNRSGEEEFNENS Z BERHEX Y
Table 6 The correlations between the principal components of contents variables field for tobacco chemical components and the
principal components of climatic variables fields for tobacco growth stages

PR B CHE B A 2 B 5 )

Dependent variables field A A (45 B B s )
(chemical compositions content Independent variables fields (climatic elements variables of growth stages)

e of tobacco) F R RIFE OC R B
*Eafnrgiﬁ; TR e L R Correlation coefficient
Y . Ak FERI L £ B between principal

correlation 3z 4y =B - At N
SIT  Main variables EH N SR RIS A components
Principal . . . Main variables Lo e
contained in Principal components . L Reflected climatic conditions
component cincinal contained in principal
P P components
components
I3 K51 :
Rl F TN, PT F3 of mature period RH, P, R, § Water conditions 0.335
KHAERIF3 KRG AF -
R2 F TN, PT F3 of field growth period RH, P, R, R, Water conditions 0.431
BAIHIF AR R 3
R3 F1 TN, PT F3 of transplanting and root T Ta, T, T, Lowest and average temperature —0.408
growth period with its daily range
FEREAHIY F2 FRIR IR Z iR )
R4 F1 TN, PT F2 of transplanting and root T}, Ty, Tars Tasy Tizo Daytime temperature and 0.376
growth period shallow ground temperature
yH pF R ‘l,‘:.‘ﬂﬂ/\
RS F2 NT KM . Tows Tos T, Ty Ts, T Terriﬂ[];er&_azjljr:cflijiel or Tuiﬁy of —0.349"
F2 of field growth period dn S T Sy DSy S0 heat
IEAC A 2 TREEKP B 2
R6 F2 NT F2 of vigorous growthand T, 7,, T, T,, Tys, Ty, Temperature level or quantity of -0.334"
mature stage heat
. ] EL A H RE R A JE -
R » NT FERIHF2 ToT.T AR B AT S 0531

F2 of vigorous growth period

Lowest and average temperature

F1. F2, P33 RIFon MR8, 52 3N TN, PT. NTAMSIAMM SR S8, s it 7 P 7, Fom Ui 7, %
(RS, T SR B2 Ty SRR B ; T S MU RS s Tyt SE395 el Tho: “F44920 condb iR RH: SEXIFINHEEE; P, SEXKIAIE; R: ok aE;
Ry FEK HEG S: BRI R1L R2, R3, R4, RS, R6. R7HIN AR BRI 5 2 A BL A 78 bR 2 18] 70 200 i 3 e AR G I i =5 o
P<0.05; **: P<0.01; ***: P<0.005. F1, F2 and F3 respectively represent the first, second and third principal components of relevant variable indexes fields. TN,
PT, NT severally represent the content variables of total nitrogen, protein, nicotine inside tobacco leaves. T: average temperature; 7,,: maximum temperature; 7,:
minimum temperature; 7,;: diurnal surface temperature range; 7,,: minimum surface temperature; 7,,: maximum surface temperature; 7s: average ground
temperature of 5 cm depth; T,: average ground temperature of 20 cm depth; RH: average relative humidity; P,: average vapour pressure; R: rainfalls; Ry: rainy
days; S: sunshine duration. R1, R2, R3, R4, R5, R6, R7 are respectively the numbers of the seven pairs of principal components which showed significant linear
correlations between the dependent variable indexes field and the independent variable indexes fields of several growth stages for flue-cured tobacco.
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6 A S X EMAT A S A EEA Y F
T, A B SR B AACIE -

1) R1. R2 AYAASCHE W, 45 08 K H A= A 0T X
MREER K . WEKEZ (7—8 M I Y Sy AR T
B, AF T HEHESEMEARSENHE
5 e 5 B Mgt SR — 206 T e IR, TR
F I A S I 8 H [ I A 2 A
RIEAHSE, R, R2 MAHEMES X, SR E A
AHTE] 5 4F (2013—2017 4F) 3 45 HH 5 H i 70 b7 45 SR 1)
R B SRR T Y B KT
S AR 7 2 R B A AR AR S KT 500, YA
T A 144); I 3 B HEAR X H, 25 B 6 AR A A A 0
WAIR WAL . H IR WD . KRR,
O AR 0 A A, T 3 2 S TR v i X
W)z B M X 2 6—8 1 = B A ARE,

2)R5. R6. R7 MIAHICHE . AR A7k N E
HRAEOR K I (8 PR R, o R A G X
14 22 50K PR 55 5 A M v s O 5 7, O T
PR AR 3 R 22 0l [X 2, 5 R G R R, RS
0 R T A R S AR S 2 A ], S B AR T R
[ 7 350 S AR VA A0 A T X TRV AR . B
A SV BIEGE IR S, 55 08 R AR R R G B A
P4 A A PRI 2R A 300 Rl 230 1) 1 389 00, LR
B 5 A B TR B A X R 5 B A
VS TR R . P K3 My R ST R
BH, 5% 0 Je AR KR R 7 i 5 U B R A =10
FUR S B MAHIC, FIk, RS, R6. R7 MR
R SCR: R I AE K30 (AR R b ) #5
%, A R TR FR e s AR 8, Hoh 6—8 H L H:
6 HRER I Sk

3) G M B B U R PR AR Y R
PLBR . —J2 IR K A AR X B K AR A, &
X KRR 2 18 1 FHLRT AR FH 2 B s B R 221 e
SERPEWES . R K R DR N I AE R
75 1 0 M0 X 0 R T A K 300 L P AR s 2
X K 15~20 d, I H 35 Z R 0E K R0 5 2 e K
WA I T 5 JH B e fh 24 o i R R — R
S 0 A ARG, AT aRE At B P R PR B B IR B ok
5 (>28 °C) 1M 51 & WAV <R B4 ™20, [wl B,
PR 2 i 1 S XS H 2 R TR R IX P 2z
i 52 2 30 B A IR, 00 0 AR P WG A FH i 32 RAAIK, T H
Vi) YL 18 B8 35 A O A MR T IR B e, DA TG 48 v R 1Y)
A RCHER1, R0 R e i o B T R R

=R AR R D A AR AR, R R A B AR
SRS, T RE B A A R e RS B
G352 BP0 5 5 H R 0 B T(E] 20), S5
AR R T L 348 K s SRR Y, A BT
AL, SRR A LR
3 g

1) 25 i AR X 22 5088 R A A L R SRR
BARGET2E W1 = B s R A S 2R,
R ZHRME LA (B REA BN HE>T1%) KA
e Z S B B BEE AR b R A — B, B AR AR 1Y
(4—5 F) S AGAH XS T 18 05 B8 (OF- 359 4H X% B <66%
S I>19.5 °C . H BEEE>7.0 h-d ™), FE K R
(2 2= 6—8 J1) I AN VHE 2 ARAE 6 B P 3Rl <
22.0 °C HAEI A A5 fE 25 <0.44 °C. -4 MH X
JE>78%. HMBHI%<5.0 h-d"), BWRE =B KEZH
A DX 22 504453 9o AR o A /A e 2 [0, DTG 2 <
A 2 TR [ R 8 o3 2 W i 25 SRS Hoh, R
% 1 358 2 S o /IN 9 B 2 1 P K B, AR
B AR B TR B, S 4 I X BRI
SR e i = RS 15 S € Qi b e (AT
Yy R BB RN

2) 7= T MR I Ak 2 i T R A I A B
BH R A o G BRI L RV R
BEET . ARG IR Y AR A O SRR, K
FH A 5 301 A B AT, AR T4 v e R
S DR o 1 A VA A AR X IR
R I B A R T A A T AR 17
HR B0 K AR KRR K . s PP R
5 3 TE A O, PRI 2 e 2 0K X 4 N
P TR R I TR XA () R A A A7
TEE SR U &, 5O A K R S R A
3 AR ST I B H R B R I
RO LA 5 fE A el T B 5 o 0 3 A R
RIREIA X, EEDM T or . @ IE R 34 (K
), B K H AR PR A RN H RS, K2
PR R R FIAR G AR A X930 . &5 A G STk R AR 52
SRR, 2 H 0 22 B SR R O
0 O, MR L A EURN AR BT A X A e, B
AR EAR, AT Bk ) i S R AR, XS s
4 B i B J K AR KT (4—s H). E
(6—8 H) BB BeGii Kk = Z R DL A4 22 55 2% VI A
e, Her R FH v S <R ORIV E B R ) SRR R B
HE A
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