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The impact of climate, soil and their interactions on reducing-sugar, nicotine and
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Abstract: The impact of climate, soil and their interactions on reducing-sugar, nicotine and total nitrogen contents of flue-
cured tobacco leaf were investigated through pot experiments in Hunan high-quality tobacco regions of Yongzhou, Liuyang
and Sangzhi from 2006 to 2007. The experiments disclose the following results: First, the variation coefficients of reducing-
sugar, nicotine and total nitrogen of tobacco leaves are of medium intensity and the intensity decreases in the order of
reducing-sugar, nicotine and total nitrogen. Furthermore, climate, soil and their interactions impact reducing-sugar,
nicotine and total nitrogen contents of tobacco leaves in different ways, i. e. climate has strong impact on all of the three
while soil’s impact is insignificant; the impact of the interactions between climate and soil vary from year to year with
climate, soil and their interactions each contributing 51.42% ,19. 78% and 28. 79% respectively to the total impact.
Above all, climate is the main ecological factor that affects the abovementioned chemical components contents of tobacco
leaves. Thirdly, sunshine hours, diurnal temperature variance and quantity of evaporation in tobacco rooting stage, relative
humidity, average air temperature and cloud coverage in tobacco vigorous growth stage, average air temperature, diurnal
temperature variance and sunshine hours in tobacco mature stage were the top three climate factors that relate closely to the

contents of reducing-sugar, nicotine and total nitrogen of tobacco leaves during their growth periods. Overall, average air
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temperature , relative humidity and diurnal temperature variance are the main factors that relate closely to the contents of

abovementioned tobacco chemical components during the whole tobacco growth periods.

Key Words: flue-cured tobacco; reducing sugar; nicotine; total nitrogen; climate; soil; interaction
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1.1 B XS

IR H AE ARG IE 6—8 J7 hm ARUCANT 1.3 x 10°t L b, R EEEWHBWAE AN Z—. W
XA AR 32 200 A 2R RS TR AT P L 3 AR i N R A R R A X A SRR AR R 0
PP JA o SR , e 2 XU A 5 W P U X 5 B PR SR PG e, 3R A1 5 P B A X AR, LA
BN E, B AR R A XA W P B A R, B U, B Ak 5 9 P A DX N e A 7
Z I8, e MR T S B = MR AR BN 3
1.2 R5btk

AR5 T 2006 41 2007 AT, BHRAEBIRAE 3 - EA MEE XS YA IX, RIS A X 59 7K JH
HRIKPEX (26°14" N, 111°37" E) (A0 X B0 BT B 9 82 (28°217 N, 113°52°E) (i PY JL AR X B St B 3
BEE(29°24" N, 110°15" E) 3 b M 5B BF 22 30 £ AT A m il 0o 106 s b 0 066 A K326, L9 + 3 AT R
Pk R KM B R 0 B R T L0 B, DR EBR A B ILRL KR AR AR B P
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Table 1 Mainly nutrient contents and pH in the soil of three test places

KRR ARk A
R ig%ﬁ: pH Totalénigen Total ﬁ(ﬁihoms Total ﬁf:ssium Hy.drolytic Available Availa.ble
Year Soil conditions /(gkg™) /(gke™!) /(gke™!) mtrogerj1 phosphor_uls potza.ssmznl
/(mg-kg™) /(mg-kg™)  /(mg-kg™)
2006 M 5.8 1.62 0.57 12.80 249.70 30.40 239.00
HEH 7.1 1.42 0.67 23.00 132.90 30.40 194.00
B3 5.3 1.65 0.55 13.60 143. 60 10. 60 79.00
2007 kM 5.8 1.43 0.52 12.00 110.00 22.70 118.00
W 7.3 1.65 0.76 21.40 128.00 31.50 114.00
E-3: 5.1 1.76 0.65 15.60 164.00 15.50 91.00
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Table 2 Mainly meteorological element values of different tobacco growth stages in three test places

g N : . e
P Nl e sl vl o S L St
Year Growth Cl“fu,lte temperature  temperature humidity hours Cloud cover Rainfall evaporation

stages conditions /C variance/C /% /h /% /mm /mm
2006 Gyl kM 17.75 7.48 75.61 97.70 75.35 143.50 73.50
W FH 19.30 10.30 78.00 145.20 77.00 242.90 132.10
i 22.10 10.77 74.03 152.90 65.00 151.40 91.40
HE 3] A 22.25 8.14 73.00 111.00 78.33 109.30 83.70
W FH 22.70 9.50 76.00 169.80 72.00 163.70 161.80
EYi 24.90 9.03 82.00 119.20 73.00 275.40 74.90
TR A 24.19 6.97 79.19 91.10 86.32 362.60 77.30
W BH 26.00 8.50 82.00 172.70 77.00 310. 90 162.80
i 28.30 9.75 78.17 178.70 67.00 96. 00 122.70
2007 AR A 17.99 8.19 70.80 117.60 72.90 102.10 74.60
W FH 17.00 10.10 76.00 130.00 77.00 130.30 104.70
Y] 22.10 11.60 77.00 136.50 71.00 117.80 89.20
HE 3] A 22.20 9.66 68.20 165.40 65.33 181.50 97.70
W BH 24.40 12.00 73.00 219.10 66. 00 42.90 182.50
i 23.30 7.33 86. 00 62.10 84.00 198.50 62.10
AR A 26.00 6.96 74.90 130.30 84.77 196. 80 95.90
W BH 26.30 7.80 80.00 149. 40 88.00 169. 40 132.90
EYi 25.70 7.20 88.00 83.90 89.00 462.60 65.70
1.3 %5k

AR R A M IR R R AL . AR A5 0 B AR AR SR 3 AN K, R8N +
8 W BH 38 R 3 AKOE 36 9 N, FRRIEAREE S HRA Lk 3 AR A ] FOR T AR
R, RIS 3 KER, BNERRR 15 R, THR 1. 2m AREE N 0. 55m, /NKEA R 9.9m’ . PU BRI
1o KBS AEDXFT TR, RAEZEN,IEE3IM 2 K B, F L0 T OR& 551 40,20,
26cm YR A% ik 13 25kg, FFRTE R B FLAE R 48 pum [ e A SR IE KR IR A A iR 2 (A B
A5 TEHERFR) . BAMAR 0.8g,N:P,0sK,0 = 1:2:3 JRAL & 70% ,BHE & 30% , HAhAR IR
— R AR S o BEAEHAFTTREE M 19 i, [FlBF 44 K IE % M58 10—12 {7 B AR - AR 0 A IR IS FEAR , 4
=B T
1.4 SRk 2 B E T v

WCAE A MR B 22 Bk, T 40°C LT By iRt 40 B, BT TSP B 04 BENR(4°C) 1~ T
B AR TR AR R 4351 7 : YC/T 159-2002 (/K B 1H:48) L YC/T 160-2002 (4H5%) . YC/T 161-2002
(BR) , SRIMBIR AR B RG2S &,
1.5 BdEsar

K SPSS15. 0 Giit SR A AT HIAR Ge i H R 240010 MK 0 B M2 Rt Rl 5| AR Eta 5F-J5
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2.1 AL RS R GE TR B AL 5 5

HIZR 3 AT, S [R) UBAN  spAb BR 2 A MM AL~ B0 B9 3 AR ALAE 2a iR U — B, R E R
J2 3 MR R BB 1 I3RA7E 20 1A P22 RBOR, U A Al 20 3 S22 SRR 3R i . RS &R
$OR ,2006 4 iR IR A5 RS A > IB JEE > BR;2007 AR R R B > MK > B R 2a R4S
AT R BEMR U B0 > JE > B, L7 REERT 10% , J& sp A R B, BN A SHE
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Table 3 Descriptive statistics of chemical components contents of tobacco leaf in different soil and climate conditions

Y RS R % S0 & IEHE % HEBE % BE/ %

Year Climate conditions Soil conditions Reducing sugar Nicotine Total nitrogen

2006 A M 20. 547 2.470 1.970

W EH 24.533 2.483 1.653

A 23.883 2.087 1.593

W FH M 19.537 3.193 1.973

HEH 22.393 2.747 1.557

Fh 24.617 2.953 1.733

B A 15.940 4,173 2.387

W EH 14.387 3.847 2.513

Fh 16.297 3.593 2.287

FHE 20.237 3.061 1.963

BRRE % 22.197 23.853 18. 544

2007 iyl M 9.163 3.333 2.080

W EH 12.120 3.040 1.763

Fh 11.337 2.797 1.830

W FH M 15.430 3.363 1.893

W EH 13.157 3.617 2.047

Fh 13.633 3.773 2.080

R KN 15. 683 3.713 2.213

W EH 18.593 3.770 2.117

Fh 15. 660 4.467 2.530

FHE 13.864 3.541 2.061

BREAR % 20.387 14.074 11.447

http ://www. ecologica. cn



16 3] Sy A SR 3 A 98 R A A OB K AT B RS R R 4471

2.2 SRR E VR AR AL R B

¥ HIEAMSBEENHAR T EZ 00, AR LK 4,

X MRS JEORE 5 B, 2006 4F 7 [R] -39 40 B 2 (] i M R JEORE & B 22 AR B3 (P =0.127) 52007 4R 10 3
RS AT 2E K-y P =0. 035 fH iy T %A+ 3 SS BAE A B3 (P =0.001) , #iH i8] B340 BT S AT 485 31 (P
=0.630) """ 2a IRIEE R UL, FEA R SRS, PR T B Ml 58 JEORE & B R AR K ; T FEAR R
THEFAT , ARRISAERA T ARG R R NS & 825 Sl 583 5 S5 R0 38 B Ao 0 i 5 JEbE 75 & s i)
KB (2006 4F) Btk & (2007 4E) o [RIE, SAEBIAE p. n” ¥IME R 0. 781 >0. 16, 3 B AR HE M- 38 b &
B EA BN, , R T RE MR

Xt A MR B, AN ] SRR B A R A B A RN B3, R RIAR ST RS B R S B
WSR2 RSB - 8 B AR B I AR B 25 57 R B 3 (2006 4F) 5iilk B2 (2007 4F) . [ElET, <MW
4 p. BN 0. 828 >0. 16, 3 BB 1 R MR KB HR A B B A T E SRR , 39 AR T BB RS/

SR RSB, B4R A A B 2 1] A - A B AN A W 22 R SF K 0. 05 (P =0. 003,
0.010) ,{HH F 2a S MM HIEH X HEAEHH B3 (P =0.019, 0.001) , & AN 43 Hrgs R (P =0. 338,
0.318) . BEFAZEMFISMRAMT , R 7 X1 R M 40 B R S B A K T ZE A R BT, ARIK
AT RIE R BR S EEZRNEE ; EM L EEAEREN T S/ S EER B3 (2006 4) stk &
E (2007 4F) o [, S5 RARF L EAE 2 4F p. o’ B{E 5514 0. 838.0. 561, # KT 0. 16, KBS M A M
5+ H e R R A BB R A, B MR K T AR A AR, SRR T B
PRI

W 3 MEF R B M R AR p.on® HAR3, HAHAM 0. 815.,0. 3140, 457  # ¥ y H 433, H
{514 51. 42% (19. 78% .28.79% . F S RN MM 3 ME2F R B TIRER N 51.42% , H3EH
19. 78% , SR 3L HAEH 28.79% , SAEXTIX 3 MEAH AL B ISR K o

F4 SEMIEETCERSSERNHNERSTESTHREE
Table 4 Tests of between-subjects effects of soil and climate on chemical components contents of tobacco leaf

N AR SRR I fii Eta® fi
&i?z‘:l}componems i{ﬁ Sou‘rct? of Sum of A (E;g Me:szuaIe F P Partial Eta
variation squares squared
B JFBE Reducing sugar 2006 w73 300.618 2 150.309 17. 861 0.000 0.665
+3 39.030 2 19.515 2.319 0.127 0.205
A x 3 33.518 4 8.379 0.996 0.435 0.181
2007 KA 150.525 2 75.262 77.815 0.000 0.896
+3 7.845 2 3.922 4.055 0.035 0.311
S x 3% 31.930 4 7.983 8.253 0.001 0.647
JEAR Nicotine 2006 w73 10.583 2 5.291 44.015 0.000 0.830
+3% 0.741 2 0.370 3.081 0.071 0.255
A x 3 0.371 4 0.093 0.771 0.558 0.146
2007 KA 3.889 2 1.945 42.495 0.000 0.825
+3 0.255 2 0.128 2.787 0.088 0.236
S x 3% 1.491 4 0.373 8.147 0.001 0.644
S Total nitrogen 2006 w73 2.527 2 1.264 68.487 0.000 0.884
+3% 0.298 2 0.149 8.073 0.003 0.473
S x 3% 0.288 4 0.072 3.898 0.019 0.464
2007 KA 0.745 2 0.372 34.205 0.000 0.792
+3% 0.132 2 0.066 6.052 0.010 0.402
S x 3% 0.375 4 0.094 8.622 0.001 0.657
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B R A RS R A SRS RE A A (R ) B %A% PR 7 S M A 2 R AT R
BB, RERAEE LR 5.

MR , 5 Ml R JFORE & BAR PR BORMIRT 3 AR TR U FERT & XS s & & 5 5
R BAHSCPEBOR B AT 3 AN TRE TRy BRGR 2 « H BRI BORSF 2R 5 S SRS B R ERR
IR 3 A URE KUy B BRI S B BGRZ AP R o SRa /T (AR IS5 A -6 2 B A SRR BRI
3ARMRETRYON B RN B RIEZE BAR, RDAITE,

MIERIAE , 5 MR OB & BARRPEBORMIRT 3 N URE TR 7 & MXHEE zE & & 5401
B BRSSP AT 3 AT B R U 3R AR X BE R T 5 S5 M R B B R A i
3 AR TRV XHEEE CFHRAETR R . 256 7007 RER -5 M0 A2 B SR PEBOR 9T 3 MR
R FARUCH HIXHEEE R =&, B B BT

MBEASATE , 5 MM R JFOE S AR PR BOR ARG 3 AR B TRy MR & AR BE B R 22 5 5 4
AR 5 BAR AR BT 3 AR FRUC <R F IR SO RR 22 5 5 B A& B R TEE
KEGHT 3 ANURHE TGO R B RGRZE | B BT 258 2007 BRI 5 Al i AR SR PR Y
Al 3 MR EFRYON R VERERZE  H RN B i a &

LRI, 5 IR AL B AR B R 2 TR 3 AN SUB BR FKU ORF 2R A X BE A
BRIRZE, /N EE

£S5 SEEFSEMUCEMSHREXBRER

Table 5 Grey incidence matrix of climates factors with chemical components of tobacco leaf

B2

. e : % g B 250
A feplsh PG T AR AR . KRR
Chemical Average air Relative Sunshine . Quantity of
Growth stages temperature e Cloud cover Rainfall .
components  temperature . humidity hours evaporation
variance
A3 Rooting stage B 0.6549 0.6746 0.7504 0.7010 0.7784 0.7069 0.7458
bl 0.7233 0.7744 0.6400 0.7554 0.6079 0.5958 0.6783
BAR 0.7529 0.7546 0. 6602 0.7680 0.6568 0.6044 0.6667
RER I S 0.6089 0.5789 0. 6636 0.5843 0.5820 0.7199 0.6213
Vigorous growth stage bl 0.7545 0.6524 0.7147 0.6157 0.7144 0.6558 0.6159
BAR 0.7298 0.6022 0.7326 0.5780 0.7059 0.6417 0.5803
JEIY Mature stage W JFRE 0.6322 0.6930 0.7173 0.6278 0.7325 0.6140 0.6474
bl 0.7651 0.6851 0.6688 0.7073 0.6160 0.6736 0.6713
BAR 0.7575 0.7253 0.7009 0.7179 0.6559 0.6734 0.6641

2.4 IR BT XHEM AL R A R

Vo 43 FEE 5 T S AL B 2 B HEAT IR (R BE AT, KB M LR 6, %R BR, S
JEORE 5 B S P K 9 39 SR AR 7 R 7 A , O pHL, J5/IN g 4l 5 A0 K R A O ek e K
TR EAE ) E T e R, YO £ R, BN 28 S A S BRI DR FE BRI E T A E
R, HURNHE , /N 2B . GA TS5 M AL B R B R AT 3 A 33 BEAR ) B AR U R
B AR, SRR/
3 itig
3.1 HBARRBIORIS %R

A REL <10% NBHAEFYE, R RECN 10%—100% Hy 238 Sk, 28 5 R > 100% JgsR A8 Skt
ABFFE A, 1R 0 X A B R SR A B SRR SRR, 5 R S0/ X R A
Ak 2% RS SEAAE BT ST 45 5 2 — 3
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Table 6 Grey incidence matrix of soil fertility factors with chemical components of tobacco leaf

PR B X o IKAER AR R
- . Total Total Total pH Hydrolytic Available Available
Chemical components X R R i
nitrogen phosphorus potassium nitrogen phosphorus potassium
& JbE Reducing sugar 0.6590 0.6396 0.6745 0.7096 0.6733 0.7079 0.7320
JEBE Nicotine 0.6788 0.6477 0.6432 0.6582 0.6471 0.6885 0.6560
S A Total nitrogen 0.6726 0.6089 0.6204 0. 6400 0.6390 0.6466 0.6537

3.2 EWHNKEWFTIER , W2z 8- 57 X H 8 SBEXAFEEB VMR R AR R, X
R JERE JEBR A B A & B EA S BRI ; X BT A B B, SAEM LI E X AT R
PrlEIE ZR . R, AP RERSE . D E R AR EN LR RS & B EF W EA —FE, KEX
BEATR A R TR A 51.42% , +38H 19.78% ,SAZF IR EAE N 28.79% . FE % AN 570
(N.P.K) &&2XHHEM 5 Tifh2Epsr (b SR R8RSR MEAR) & 2N/ FRERR KR
R—B RIWI A A Wi e 1 R A X A2 i 1 S AR S E R AR, BRI E M A R A
T T S KR 2 B B SR o T 5 465 SR 0T 19 i R B e DX ] KR A = R T R AR DA B MR Ak
JERLEE AR R S B A —E S MME.
3.3 FHHRAESHFRINNBEE SR B SEAN A TR TFYRBEERTIN AR, HRSES5KH
B 5—8 A r R KE 7T A G FEENRE R AR S KHEB S AGRIBHRERIEMERX. £
2NN S 7 R M A 5 R B TR S0 AR R 30 B TR B O SR, MRS R
B SIR AR Y 2 DA SR KA SRR BE R o ABFFSIA I AE AR S DL B R B 500 R I 2% B 40 3% W B
K, HKABERIRZE , B/ 2 8 5 FERE R LUAE X B X K -2 B o g i ok, Ok R 30, B/ B
PR B 7E A LE X SR e B e i K, KR O B R RZE , /N s E. VLU, A RE X
FIAS [R5 B 7 DA B R XA ] B B R %o M P 2 B A3 RV E P& A AR R] o RO, 50 DX B 22 R e o]
s AR X R A JRy , SR 29 0 i A R R R H P T IRARE R, REE IR B SRS M & 5
R
3.4 +ERRGUEREATF. ZEILIEHEREXTHIRT 3 FEM4bF R W20 I BB/, AR U T £
B pH [EFMKEFR D EH B 5EMLFRS & BRI /DN, PR RERN, B 5 5w 122 B
SR RBRAR B RO, O A BB I 2R, X S HRZARZE S I M L3 i 2R 28 A U A
Wil MR FR B2 By e B R AR A AT o ZE AT MR X Rl A JRy B, T8 24 5% 08 U A A 4
RN i B A R )
3.5 ARG/ K H R B AR S PRAUREA M 5 YRR & WIS 2= 08, ZE R B S e R AT B
Mk B MR & BT W, AT S S8 3 MR SR BEEIRE S SRR 6 IR A —B. RiE
2006 4EF12007 4 2a 5 L PRIB L AME T A1, e T &S ER AR 2 BB R SR ERES
BT B
4 ZEig

A LR AR R RN, R AR R R RS SRR P A R e R . R R E AR
XTENTHE R AR —F, BT ENEA R EZmAN ; £ e B2 @M LB EEXNE
T mERE A 2R [FE EREEEEEMN & EE RN TTEIRBIKIK R 51.42% 19.78% #128.79% .
SAEXFIX 3 T Ab 2 B B R B R o ZE R T R R 2 X R R i S B e PR ), B A R R
HE.

KEPR K H & B A [ B 3 S A R S5 AR 2 B0 R SR IR B B[] o 5 48 A 2% B 43 A S MR R I i
3SR TR YO H B8 B RIRZE SR A & EE KR BIKCOV X E S EHRB S & 7
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SR F R IR VB RGRZE S H IR B K E S5 M2 A S B R B R 3 AR K
Y FEXHE VSRR 22 o FEXAM A4 A (] o 393 0 SR BBURH Bk 55 e , R i AR v D A 4, 4R
MR AT
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