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A1 2 REA (109°39" E . 27°54" N, 4K 300 m) i
5o I 4E 485 16.4 °CL 4R K B 1 200~
1 500 mm, JEFE K 265~290 d, 4F H HRINAAE 962~
1452 h, B GF = 5 15 AT EY
AKAE . g R R+, IR B pH
4.98 R B 48.87 mg/kg . Bl fif A 189.00 mg/kg . i
W 25.23 mg/kg. A AL 32.09 g/kg. 38 e 1 45
57.63 mg/kg Z& ML 411.88 mg/kg.
1.2 RIEEIT

A 20 30 3 15 A () Rk ) Ak P L e R e
AR A A e R B, e B 4N b, T1:4 H 5
HE4k,T2:4 A 15 HB4k, T3:4 A 25 H# 4k, T4:5
H S5 HBA. RAHEHLIX 4, f7 8k IE 3 4 120
em X 40 cm, AP E SIRERZ 1240/ X
FEA/INXCR T 247 KRR, REAT AR S0 Mk . BB AR T
AR H BB - R, IR R i 4 i o N
120 kg/hm?, P,0;180 kg/hm? K,O 360 kg/hm?, 4
R BEAE AN 50 %0 1 &L VIR TR AR T 2%t , 50 %0 11

FUE AE TR AT 10,30 d 43 2 YR IR 7K AR 3 it
FEF 170 65 LA 40 14 b 25 A I 2 7= B AR AR ) 1A 7
R I SRS e BRSSO R ) T2 T B v
PO o AR I 45 R L TR 45 °C A
T2 80 Y0 (14 e il TE MR AR AT R B, R W ]
30 d, KIS 5 K Mt B AR
1.3 XHEEHSKHE

ML TRR B 5 iR B2 8 A %
SRRt Bl S A 145 30 a(1991— 2020 4F ) i
B E ETTd =TRI (A BN 1) \GTE 1 D0 B2
B H AR SRR AR . S5 A R P bR K
IR B AR [RS8 31 Ab B R HA PR A A K 45 Aof B
CHRIPR K AR KB B RS AR5 30 d N, ST B4k 5 45 d
WL, S2; B AR5 60 d N, S35 Bk 2 Hh i Rk, S4) 1Y
BUR =10 CHERFUER R 2  RRKE SESER
B N AR o R i BN aR o B I (410 B G S TP E PO RIS e
PRI L B2 TR A S ISk 11-12],

R1 2022 FEAEBHBLE T EKXHERKENER
Table 1 Growth periods of tobacco plants under different transplanting periods in 2022

I B> XK 45 ARIBL(A/H)
Period number Corresponding field period Growth periods(month/day)
s1 BBG30dN T1(04/05—05/05) ; T2(04/15—05/15)
) Within 30 d after the transplanting T3(04/25—05/25) ; T4(05/05—06/04)
52 BBIG45d N T1(04/05—05/20) ; T2(04/15—05/30)
) Within 45 d after the transplanting T3(04/25—06/04) ; T4(05/05—06/18)
s3 BBUT60d N T1(04/05—06/04) ; T2(04/15—06/14)
) Within 60 d after the transplanting T3(04/25—06/23) ; T4(05/05—07/03)
s Rz rprnt Rl T1(04/05—07/03); T2(04/15—07/13)

Transplant to harvest

T3(04/25—07/23); T4(05/05—08/02)

1.4 BHRRZHERURENE

R RS AR AL BEAR 10 10 #F AR K — SO AR 2517 00
g, B M YC/T 142—2010 4 BT 4 2 PRIk i 2 I
7 ) TG 30.45.60 d I E & kb FiA ZEIR
FLARSE AR FE AR = 25 IR R R AT AR
HRRT
1.5 EMEMLZERS

AN [ # A% Ak B i e 8% S5 AT R R Ak 2 A
CEVEVEPTT EEE R A R B S0 e .
FBYC/T 160—2002.YC/T 161—2002 J7 1 Ml &
SR e R RV BB 7 B, YC/ T 249—2008 J7 15
EEAFE R, YC/T 159—2019 J5 ¥ 5 SOBs AA
JEE S, YC/T 162—2011 J5 B & A & &, YC/
T 217—2007 J7 00 B0 & &t

1.6 #iELIE

% H Microsoft Excel 2021 #:47 5 {8 5 b vfE 2%
A3 5K FH SPSS 25.0 #1477 Duncan’ s 2% 5 i & P
Do TS R s VTN S B s T R~ e S R D B W= RV
Z SRR [ 13 152K FH Python 3.9 #4740 &2 M AT K
O OCHR B 41T o

2 FHRE5HMH

MAREKARETHSERREEER
Sk W AN T 3% A8 30 A K ik R T 2B <
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T SRR SRR T H BRET S
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I, 54—-6 A, 7 A Bk 2SR5 FR 5 4—6
HAH ¥ B 5 (P<<0.05) , 3K iE BE 45 51k
11.71%~61.42% F167.19%~88.66 ¥ ; -3 [ K & .

S RGH L B e i I AR B, 23 30l 7 6 H AN S
Hik B e s F RO 2278 4—6 B FAR, 1M 7
HEPF SRR 2286 A WE T .

F2 1991—2020 F 4—7 ASEIEREN
Table 2 Change in climate indicators from April to July, 1991 to 2020

S /o = - L= C
A TR/ C PRk /mm FRPHRDRE/ % V9 H IR PR
Month Average temperature Total precipitation ~ Average relative humidity ~ Average sunshine hours verage temperature
difference between day and night

4 H April 17.55+0.22d 4.2740.34b 77.98+1.21b 3.3540.20b 8.59+0.26a
5H May 21.8640.14¢ 6.63+0.45a 83.014-0.51a 3.66+0.19b 8.45+0.24a
6 H June 25.364-0.19b 8.38+0.76a 80.93+0.78ab 3.78+0.19b 7.65+0.15b
7H July 28.3340.25a 6.28+0.85ab 79.5340.73b 6.32+0.27a 8.56+0.19a

1 FSUARING TR AN R e b N 22 5 i 35 (P<<0.05) , 'R Il. Note: Different lowercase letters in the same column indicate sig-

nificant difference among different climate indicator (P<<0.05) ,the same as follows.
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[ei] s BE P I B =10 “CA OB -2 SR 7 T
L, DL T4 AR B L, 5 T A L, 34 R B 5 0 R
13.37%~25.73%.  21.99%~37.00%. 13.37%~
17.56 Y05 3F — 20 43 #r A R, 4 Ak B S3—S4 15 Be P 7
HEAM=10 “CHBBIR#E S1—S2 I BE B K85 %, 1
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A Bt Period fif Bt Period

A FUR Accumulated temperature ; B: =10 “CA #UFRHE =10 °C effective accumulated temperature ; C: & [ 7K &t Total precipitation; D : &
1 22 Total temperature difference; E: V-2 5 1% i 22 Average temperature difference between day and night; F: V-3 H & i £ Average sun-
shine hours; G : V-l Average temperature ; H: F-EIAHXNEE Average relative humidity.
Bl 1991—2020 ERREEEHAE KB EFHNEMEHSIRERENL

Fig. 1 The change of climate indicators in different fields of tobacco plants in Mayang County from 1991 to 2020
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KM BE 43 91 R 6.53%~56.13% . 12.74 % ~71.48% .
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Ak 1o 5 B R 14 8 il W 3 e T At 2 b

— B HRSE R B, T3 AL MRk R T BE AE
B BT 30~45 d 3G KR B2 B K, 23 il Sy 670.49%
62.56 % . 172.04% , 32 B T3 &b B 75 3% F B P Y A< A6

. o S N e
FOAESOT R R R BN TAST2>T1I>T3, e &M FHEE TS MMERNERES .
A B C
550, CIT1 EXIT2 E3T3 T4 T e S =1 371 372 E373 T4
a a 2 = 70 a8
= 200 L 5 £ £ 60
2a z o —
i d B g e
® E 100 a e E 4 E E gg
& b £ =
50t ¢, (% 2 é 10
5045 60 =30 45 e0 =30 45 e0
B A it 1)/ d B A it [}/ d B A it 1)/ d
Days after lldnsplanling Days after lldnspldnung Days after transplanting
F
|:|T1 |:|T2 |:|T3 [ — 25 T |:|T2 |:|T3 T4 IT1 E3T2 CAT3CT4
= 12 a
= 40 b
gE 35 . db b(‘ bb ﬂ;20 bh ? 10 Cd
<<= 30 a = =1
BE oslf T8 bb . 5 8
ZE2 =) L
£ s e 3 2 4l
EZ 10 5 Ll
= 3 =
0 0 30 45 60
*Zﬁ’zﬁﬂﬂj/d *giﬁfiﬂ‘“ﬂ/d Rk 5 B IA)/d

Days after transplanting

Days after transplanting

Days after transplanting

A« Bk Plant height; B: 25 5| Stem circumference ; C : 2 K MK Maximum leaf length; D : iz K 5& Maximum leafl width; E : /24 %% Pro-

ductive leaves; F: 7} Pitch.

2 FAEBFHPLESMANRZER
Fig. 2 Agronomic traits of cigar tobacco under different transplanting period treatments

23 [SEFREREMMARETERAUEZRISE
A

H13 3 TR, 25 B Rk 20 Ak 380 A 18 F AR ) A 29 i

7.33%~15.67% . 10.85%~24.41 % , #H % T 18 B 7
WS A S T A AR R AR A D,
PRI, R b i R SR B 4 3R T T v BRI Ry
25.26%0~52.56 %0, B O i 5 G LY Bl RS R 4R

ﬁj\&ﬁ POfE 22 SR . Herh e e I A ) SO
Sa= = / ) == AN =11 N
B R R A R R R T RIS e SRS R MR HLL T3 AR B R 5, 205k
W 4 jﬂJ H ALA8Y~64.76% . 15.61%~45.00% . 46.81 mg/gM8.07,
x3 FAEBHPLETAEREEMHENLERNSISE
Table 3 Content of conventional chemical components of fermented tobacco leaves
under different transplanting period treatments
SBESE/ RS/ “<r';l E/‘)E/ AETaa/ WERESRE/ WEE/ REAmESE/ b AL Wik
Qb (mg/g) (mg/g) Tfti (mg/g) (mg/g) (mg/g) (mg/g) Potassium  Nitrogen — Total sugar
Treatment Total sugar  Nicotine i Chlorine ion Reduce Potassium Protein chlorine  nicotine reduce
content content fitrogen content sugar content content content ratio ratio sugar ratio
content
T1 15.72 29.54 22.91 5.71 8.61 28.96 69.11 5.10 0.78 1.82
T2 9.20 24.93 21.23 6.72 3.92 46.01 61.61 6.87 0.85 2.33
T3 6.65 20.30 19.42 5.80 1.81 46.81 52.57 8.07 0.95 3.64
T4 5.54 16.22 19.32 4.31 2.45 34.22 52.24 7.96 1.19 2.26
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2.4 HIRIEIR5HEER Z MR R E AL
SRR L M RNHEE F o

SR G A ) A5 YR B AR o Sl X AR
A B B Y 8 AN AR A 55 0T 0L B I 9 R Ak A 2k
R B 8 FAR 27 B4y SEA T AR DG B (11 3) o
PR3 AT, JR AR K L A B  >>10 O 2RI 5
FEI ] 08K Ak e 25 L 99 1 S A B 3 (P<<0.01 1
P<C0.001) IEAH 3¢ , 5 fe K I R 2 45 & W 2
(P<<0.05) a8tk i 3 (P<<0.01) IEAH X ; S 22 5 M bk
A VR 19 T A FE bR B 2 AR 8 2 (P<<0.01 8% P<<
0.001) IEAH I ; B AK B 55 JRAR R = A0 BE 24 B 3

~0.345 -0.312 -0.038 -0.361

0.260 0.250 -0.009 0.292

0.117 -0.140 0.135

0.00
1 0.495 -0.298 -0.133
!

(P<C0.001) 1EAH G ; ~F- 34 5 7 il 22 5 bk v Yo B 2
12 (P<<0.05) Al %,

K eI M B BB R B A R A RS
JE RS K H AR B 1 09 FRUR =10 CHRORRIR F
B0 SR K B 3 (P<<0.05) Btk i 3 (P<<
0.001) fAH 3¢ s 008 L 5 R . =10 “CH R 3
A H R AR B2 (P<<0.05) Btk i 3 (P<<
0.01) IEAHZE , 5557 H A R B 42 3% (P<<0.05) i AH
O B A HE A JROBE B i i) SRR K i A
(P<<0.05) IEAH R FAFHSCIC R o

1.00

. 0.134 -0.227 0.422 .

0.293

0.308

-1.00

g £ B

ZLE RN (3 AR AR AR A IE U G, 3878 0.05 K- B2 AR G, ++3R7R 0.01 /K B B FAR G, #3878 0.001 K F B W25 AR

Red and blue represent a positive and negative correlation for each indicator, * indicates a significant correlation at 0.05 level, ** indicates a sig-

nificant correlation at 0.01 level, *** indicates a significant correlation at 0.001 level.
B3 SEEFRSERRZEREREBEEMLZERSHEXES T
Fig. 3 Correlation analysis between climatic indexes and agronomic traits of tobacco plants and chemical
composition of fermented tobacco leaves

FEAR SEME M 0l b, M SR B S AR
FRAEPR - PR R H A B 3 N 8 A e 4 hmatb A 7
T 0T, BEICH AR AR RRAE(E K T 1.000 1 24
SAEH T, SOER R 490k 62.761 % F129.168 % , 475
KA B ARAEIRRY 91.929% (£ 4) .

i 22 5 0 A, BROF 3R S P 3 H RO, A
P07 26K F 0.9, AR O] (5 B . BUR .
=10 CHRUBE B K EH T —HF X AR
KIE AT (8, 1R 2556 T4 — 7 X, B 3k

BB AR, Tk S S A A 4 2 5 B ] A R
TR, B X AR SERRL R, ikl X =
0.215T,.+0.2097,,+0.043T,,+0.048T,+0.184T, +
0.233T,—0.233H,+0.230 Ty ; - 1A B % T4 —
K X, A BRI IE SR, X, PTRR IR B R 7, °F
Py e AR ik 2 50 B DR A SRR B e (i, Rk X
9 X,=—0.065T,,—0.049T,,—0.383T,,+0.235T,—
0.001T,—0.166H,+0.612H,—0.144T,. 45 M K ¥
15353 5 TTHER AT R LR A T F IR F =

R4 FERAKHETHNSEIERMRENA B FRSEE . FERMEMRiITToE
Table 4 The characteristic value, variance contribution rate and cumulative contribution rate of the common factors ex-

tracted from the climate indexes during the growth period of cigar plants in the field

[RF Factor FRIE(H Eigenvalue Jr TR/ % Variance contributionrate Z5THk R/ % Cumulative contributionrate
X, 6.013 62.761 62.761
X, 1.314 29.168 91.929
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0.682X, + 0.371X;,
2.5 SEERSERRKZSEIRIENE UL FER
SRR BRERS

K RAC Z RIS V5 5 S I JA (9 A2 B 7
YE NS, 3 URIRARFFAE N T 4F y LU
B, W 2% HE AR EAT AR AL A OIS 23 0 24T K SRR
JES T, LUH BRI . th 2 6 nl A1, 3R br
FFAE IR 555 25 1 e R e R S SR R

bR PN ISR v il /=N e RS T WA PN NIBE RSP S
RV, RGOS HE Al UK B, 84 f 4
B BT B2 BB 549 3 AR DA 35 B O 1 A A e
R EAERIEARS B K O IRIRNF 2490 X, > F> X, i
SRR AR G SCIRINY 2 F> X, > X0 HHIE AL, 1R
P DX PR R T A A B B, L 5 R K il >
el ASE SRR i A

RS BHRABEBTHASRIERFSS AR TFHEERSES REER

Table 5 Common factor load matrix and score coefficient matrix during the fertility period of tobacco field

PR 3 g 4 B 1353 FBUE T2

5 ek . . . .
U R Factor load matrix Score coefficient matrix

Climate indicies

Variance of main

X, X, X, X, factors
i Accumulated temperature (T,,) 0.954 0.258 0.215 —0.065 0.976
=10 CHRFBR =10 °C effective accumulated temperature (T,,) 0.955 0.285 0.209 —0.049 0.994
A4 R
Iv;;gfzt(ii%erature difference between day and night (T},,) 051 —usl0 0043 038 0921
KRR Average temperature (T),) 0.692 0.640 0.048 0.235 0.889
SR B Total precipitation (T,) 0.921 0.348 0.184 —0.001 0.970
S5 H BERT 4L Average sunshine hours (H,) 0.852 0.058 0.233 —0.166 0.729
SEEFIRHRIE Average relative humidity (H,) —0.001 0.982 —0.233 0.612 0.964
LR 2% Total temperature difference (T,) —0.939 0.175 0.230 —0.114 0.911

®6 SEERSEKKEEROKBXEKE
Table 6 Gray associations of climatic indicators and agronomic traits in tobacco plants
HiH SRR T TR T ZAEHT RERN) T
Climaticaccumulation factor Humidity factor Comprehensive factor Order of degree of grey
Items (X, (X,) (F) incidence

# Plant height 0.613 02 0.609 21 0.611 81 X, >F>X,
ZE[#] Stem circumference 0.889 04 0.840 25 0.884 14 X >F>X,
Fe R Maximum leaf length 0.817 64 0.814 07 0.816 12 X >F>X,
K58 Maximum leaf width 0.846 60 0.843 43 0.845 51 X, >F>X,
F L EL Productive leaves 0.807 22 0.799 01 0.804 21 X, >F>X,
7R Pitch 0.731 54 0.729 03 0.754 53 F>X>X,

26 7 AR, 3SR PR 7 X6 & T S A
()RR S R A, R . AR K
0 IR B HE R T LA B, OB M L G B 0 SR BR
P 22 B R X, > X, > F 5 SRR RO R A
R L PR L SRR P R B X, > F>X o 3Kt
AR PR 75 1 I I R o A A 2 1 o0 o X He A
SRS, T AR 2R T 15 255 DR 7 52 1) A X 42
AN BRI, HR R K EE A 30 PN ST 4R G B 1) AR
XiF T 2 T S MR 1 A5 34 2 10 o e R U AL R B
PERZ MK

3 i i
A 1k Z2 e S RIS T A AR TR

e B0 T AR AR R FH A B A I i M I i Jo 1 52
M, WA X6 R M it A MR R T 3 B I s A
A2 B B T2 B R ) D R B R 1
(BRI =10 CH BRI  BUR 22 S oK) 518
P CEEFRHREE)

UG R B R B B ) A A A SR B
I £ 77 R R P PR 2R 2 A e B 4% 1) 5 [N
R X R R B AT R LR
A6 PR 2R 08 T 9 A i A 2 4 o B AR SRR RO
Gy A SO R T 2 U ) e AR XA S R e A
i JERE RS AR EE AR R . ORI AE
W, AR HE TR B SH S R AR ET S
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Table 7 Gray correlation degree of climatic indicators and the chemical composition of post-fermented tobacco leaves

S| IR

Ttems X X, F Order of degree of grey incidence
B S Total sugar content 0.706 38 0.767 37 0.548 25 X,>X,>F
JiEB8 % 1 Nicotine content 0.708 37 0.889 54 0.653 03 X,>X>F
E f it Total nitrogen content 0.729 87 0.920 91 0.778 60 X, >F>X,
B T i Chlorine content 0.730 78 0.842 36 0.695 50 X,>X,>F
I 1 Reduce sugar content 0.586 20 0.706 28 0.638 27 X,>F>X,
#1451t Potassium content 0.715 16 0.806 62 0.847 83 F>X,>X,
M F 5 i Protein content 0.818 03 0.915 32 0.887 24 X,>F>X,
#4541t Potassium chlorine ratio 0.862 76 0.823 80 0.844 92 X >F>X,
A% L Nitrogen nicotine ratio 0.668 60 0.834 18 0.773 19 X, >F>X,
FiFE L Total sugar reduce sugar ratio 0.736 34 0.807 83 0.736 75 X,>F>X,

H 8 (4 T 1 AR OCHT IR A ] — b X,
TAEAR I AL M A% A R B BOIT AR R
KRS B2 R AW
BT, AR DX 2 UL S P 3 H ORI R 4—7
HZH I & PR 2E e 4—6 AR, 7 A THE .
HE— 25X 2% A% R AL B MR R A= 2% I BEAY 8 T
fo A bm 73 BT A B, Bl A R U A 2402, 45 A BEAS [s) i
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Climate resource allocation for production of tobacco leaves for cigar
wrapper based on multivariate statistical analysis

LIU Yongjun', XING Zhuoran®, SHI Xiangdong”, DING Songshuang®,
LIU Xudong®, LUO Xiaohong®, OU Botao*

1.Hunan Provincial Institute of Tobacco Science, Changsha 410004, China;2.Key Laboratory of
Tobacco Cultivation in Tobacco Industry, Henan Agricultural University, Zhengzhou 450002, China;
3.Mayang Miao Autonomous County Branch of Huaihua Tobacco Company of Hunan Province ,
Mayang 419400, China;
4. Huaihua Tobacco Company of Hunan Province , Huaihua 418000, China

Abstract “Yunxue 1”7 variety and the multivariate statistical analysis was used to study the climate
resource allocation basis of tobacco leaves for cigar wrapper and its impact on the agronomic traits of tobac-
co plants and the chemical composition of fermented tobacco leaves by changing the climate indicators dur-
ing the growth period of tobacco plants through adjusting the period of transplanting to study the basis of cli-
mate resource allocation for the production of tobacco leaves for cigar wrapper. The results of correlation
analysis showed that the accumulated temperature , effective accumulated temperature =10 °C, total precip-
itation, and total temperature difference during the field stage of tobacco plants had a significant impact on
every indicator of agronomic traits, with correlation coefficient ranging from 0.478 to 0.939.The accumulat-
ed temperature, effective accumulated temperature =10 °C, and average temperature had a significant im-
pact on the content of total sugar, nicotine, total nitrogen, and protein in tobacco leaves, with correlation
coefficient ranging from —0.955 to —1.000. Two principal factors including climate accumulation factor and
humidity factor were extracted from eight climate indicators with factor analysis. The results of grey correla-
tion analysis showed that the two factors mentioned above were the main factors affecting the agronomic
traits of tobacco plants and the conventional chemical components of tobacco leaves. It is indicated that the
main climatic factors for determining the transplanting period of tobacco plants for cigar wrapper are based
on the comprehensive configuration of temperature, precipitation, and relative humidity during the period
of field growth.

Keywords climate resource allocation; tobacco leaves for cigar wrapper; multivariate statistical anal-

ysis; factor analysis; grey relational analysis
(AR B i)



