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Effects of soil and climate on photosynthetic characteristics and
chemical constituents of strong-flavor flue-cured tobacco in
different ecological subregions
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Abstract: [Objective] To investigate the effects of main ecological factors on feature formation of strong-
flavor flue-cured tobacco. [Method] “Yueyan 97° was chosed as test material. According to the small differences
on ecological condition and territory between two ecological subregions (Maozifeng and Gushi) in Nanxiong

tobacco-growing area, four treatments by interchanging soil with the same texture were setted to study the effects
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of soil and climate on photosynthetic characteristics, chemical constituent contents and coordinations of strong-
flavor flue-cured tobacco in different ecological subregions. [Result] On the 50th day after transplanting,
compared with tobacco planted in Gushi with local sandy soil and climate condition (T2), the net photosynthetic
rate of tobacco planted in Gushi with Maozifeng sandy soil (T1) increased by 3.66%; the contents of total sugar,
reducing sugar and starch in middle leaves decreased by 5.74%, 4.77% and 10.73% respectively, and the
contents of nicotine, K™ and total nitrogen increased by 6.49%, 11.07% and 11.34% respectively. Meanwhile,
compared with tobacco planted in Maozifeng with local sandy soil and climate condition (T4), the net
photosynthetic rate of tobacco planted in Maozifeng with Gushi sandy soil (T3) increased by 1.81%, the
contents of reducing sugar and nicotine in middle leaves decreased by 10.02% and 13.14% respectively, and
starch content increased by 9.30%. The climate had significant impacts on the contents of total sugar, reducing
sugar, nicotine , total nitrogen and starch, nitrogen-nicotine ratio, stomatal conductance, transpiration rate,
intercellular CO, concentration and net photosynthetic rate; soil and climate interaction had significant impacts
on the contents of reducing sugar, nicotine, total nitrogen and starch, nitrogen-nicotine ratio and stomatal
conductance; soil had significant impacts on the contents of K" and total nitrogen and sugar-nicotine ratio.

[ Conclusion] Climate is the main factor affecting the feature formation of strong-flavor flue-cured tobacco,
especially precipitation amount and mean temperature at root spreading and fast growing stages, followed by the
interaction of soil and climate, and soil has the minimal role. The climate of Gushi is more suitable for

production of superior strong-flavor tobacco leaves.
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Table 1 The basic physicochemical property of soil
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Fig.1 Effects of soil and climate on photosynthetic traits of tobacco in different ecological subregions
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Table 3 Analyses of main effects of soil, climate and their interaction on photosynthetic characteristics of tobacco leaves in
different ecological subregions

W5E T b7 AR A T A [ FH b F P P
Measured index Variation source Sum of squares Degree of freedom  Mean square
AT 14 Soil 0.003 1 0.003 1.881 0.177  0.041
Stomatal A f Climate 0.105 1 0.105 62.605 0.000 0.587
conductance L #Ex S {8 Soil x climate 0.023 1 0.023 13.634  0.001  0.237
%% Error 0.074 8 0.002
J A5 5 Total variations 8 773.109 11
AR 11 Soil 0.416 1 0.416 0.559 0.459 0.013
Transpiration {3 Climate 25.799 1 25.799 34.660  0.000 0.441
rate 33 fi Soil % climate 1.908 1 1.908 2563 0.117  0.055
1% 7% Brror 32.751 8 0.744
JA5 5 Total variations 60.874 11
MIEICOLMKEE 143 Soil 11.408 1 11.408 0.078 0.781  0.002
Co, S {% Climate 1 966.848 1 1 966.848 13.472  0.001  0.234
concentration -y % Soil x climate 370.963 1 370.963 2541 0.118  0.055
%% Error 6 423.890 8 145.998
278 5 Total variations 8 773.109 11
Eip e pr 14 Soil 0.480 1 0.480 0.075 0.785  0.002
Net S A% Climate 84.907 1 84.907 13.348  0.001  0.233
photosynthetic e, 17 12 Soil x climate 19.584 1 19.584 3.079  0.086  0.065
rate 1w # Error 279.894 8 6.361
A5 5 Total variations 384.865 11
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Table 4 Effects of soil and climate on chemical constituent contents and coordinations of flue-cured tobacco leaves in
different ecological subregions

wi% \ -
e i SSTT ° WL A
Tobacco Treatment T tnl Red ,n SR N R TERY Ratio of sugar Ratio of N
reatmen ota educin o
leaf & Nicotine Total N Starch to nicotine  to nicotine
sugar sugar

et T1 21.70+0.35a 17.81£0.18a 3.16+0.03a 2.37+0.12a 2.33+0.02b 4.46+0.17b  7.46+0.10a  0.80+0.01b
Upper T2 21.69+0.61a 16.92+0.11a 2.91+0.04b 2.29+0.16a 2.47+0.02a 4.94+0.23ab 6.86+0.13b  0.78+0.00b

leaf T3 19.04+0.15b 14.12+0.31b 2.66+0.01c 2.17+0.13a 1.994+0.01d 5.29+0.27a  7.15+0.09ab 0.75+0.01b
T4 19.34+0.41b 14.55+0.04b 2.63+£0.01c 2.04+0.04a 2.24+0.01c 5.52+0.20a 7.35+0.18a 0.85+0.01a
HR I T1 21.03+0.11b 17.75+£0.11b 2.46+0.02a 2.81+0.06a 2.16+0.01a 3.66+0.05d 8.55+0.04b 0.88+0.01a
Middle T2 22.31+0.17a 18.64+0.05a 2.31+0.02b 2.53+0.08b 1.94+0.12b 4.10+£0.05¢  9.67+0.11a  0.84+0.05a
leaf T3 19.11+0.33¢  15.44+0.44c 2.05+£0.01c 2.39+0.07b 1.85+0.01b 5.29+0.20a  9.3240.19a  0.90+0.01a
T4 19.68+£0.24c 17.16+0.20b 2.36+0.04b 2.32+0.05b 2.01+0.01ab 4.84+0.03b  8.33+0.21b  0.85+0.02a
TR T1 21.03+0.07a 17.05+£0.04a 2.34+0.02a 2.27+0.18a 1.79+0.13a 4.69+0.03ab 8.98+0.05b  0.76+0.05b
Lower T2 20.84+0.46a 16.40+0.06b 2.22+0.04b 1.95+0.15a 1.91+0.15a 4.86+0.03a 9.37+0.08a 0.86+0.07a
leaf T3 18.1240.03b 15.35+0.29c 1.83+0.00d 2.24+0.06a 1.58+0.0l1a 3.65+0.20c  9.89+0.03a 0.86+0.01a
T4 17.89+0.21b 13.47+0.08d 1.97+0.00c 2.14+0.10a 1.72+0.01a 4.33+0.22b  9.08+0.12b  0.88+0.00a
1) A8 F) LB w64 ) 5 4B )5 , R B FA R R £ 7% 2% (P<0.05, Duncan’s %)
1) Different lowercase letters in the same column of the same tobacco leaf indicated significicant difference (P<0.05, Duncan’s
method)
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Table 5 Analyses of main effects of soil, climate and their interaction on chemical constituent contents and coordinations of
flue-cured tobacco leaves in different ecological subregions

T 5E Fabrm A% YR Rkl H %75 - » P

Measured index Variation source Sum of squares Degree of freedom  Mean square

b 14 Soil 0.062 1 0.062 0.121  0.737  0.015

Total sugar S f Climate 5.286 1 5.286 10.237  0.013  0.561
IS f Soilxclimate 0.602 1 0.602 1.166 0312 0.127
%7 Error 4.131 8 0.516
M4 53 Total variations 10.082 11

& SR +3% Soil 0.463 1 0.463 1.098 0.325 0.121

Reducing sugar  “<f& Climate 6.357 1 6.357 15.063  0.005 0.653
T+ I3E xS { Soilxclimate 3.485 1 3.485 5592  0.046 0411
%7 Brror 3.376 8 0.422
MAR 53 Total variations 13.681 11

JHBK Nicotine 3% Soil 0.103 1 0.103 0.997 0347 0.111
S f Climate 1.334 1 1.334 12951  0.007 0.618
+ 35S Soilxclimate 0.659 1 0.659 5394 0.049 0403
2 Error 0.824 8 0.103
KAE 5t Total variations 2.919 11

K" 13 Soil 1.919 1 1.919 7.379  0.026  0.480
S f Climate 0.332 1 0.332 1.275 0291 0.138
T3S Soilxclimate 0.254 1 0.254 0.978 0352 0.109
1% 2 Error 2.081 8 0.260
JA78 5 Total variations 4.587 11

R Total N 13 Soil 0.022 1 0.022 11.691  0.009 0.594
S Climate 0.120 1 0.120 62.925  0.000 0.887
1S i Soilxclimate 0.029 1 0.029 6.165 0.038 0435
%2 Error 0.015 8 0.002
A8 5 Total variations 0.186 11
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#:35  Continued table 5
W52 FE AR A2 S Y8 Rl H R B - » Py
Measured index Variation source Sum of squares Degree of freedom  Mean square
JER Starch 14 Soil 0.032 1 0.032 0.999 0347 0.111
A f% Climate 0.410 1 0.410 12.951  0.007 0.618
+ 4 f% Soilxclimate 0.184 1 0.184 5821  0.042 0421
%% Error 0.253 8 0.032
B AF % Total variations 0.897 11
BB L +3% Soil 0.195 1 0.195 15298  0.005  0.657
Ratio of sugar to /53 Climate 0.005 1 0.005 0414 0538  0.049
nicotine + xS fi Soilxclimate 0.015 1 0.015 1178 0309  0.128
%2 Error 0.102 8 0.013
&R Total variations 0.317 11
AL 3% Soil 0.015 1 0.015 1.125 0320 0.123
Ratio of N'to /i Climate 0.098 1 0.098 7312 0.027 0478
nicotine +4xfi% Soilxclimate 0.197 1 0.197 12720 0.007 0.614
% Error 0.107 8 0.013
A% Total variations 0.417 11
2.5 Tﬂi,h\IE—uﬁ%l?—'ﬂ% Mt CEZER S oS EEATHRVE T, SR a0E 6 s S
SRR AR 2R EE UG, IERE S &
K & 2B AR 7 58 R e SRR R P K R R RO G, R

®6 FEESTXSERFSEREMLFERSSENEXESH

Table 6 Correlation analyses between climate factors and chemical constituent contents of flue-cured tobacco leaves in
different ecological subregions

HAR #1 Elongation stage HEK ] Fast growing stage FCAHA Maturity stage
et o FERIE S HIRE % o FHAE H B’E’-Hj“ﬁl ok R BN R
Index o Mean Sunshine o Mean Sunshine o Mean Sunshine
Precipitation Precipitation Precipitation
temperature  hour temperature  hour temperature hour
L ~0.643 -0.533 -0.027  —0.527 —0.932%*  —0.085 ~0.290 ~0.240 0.074
Total sugar
&b —0.834% —0.704 -0.177  —0.628* -0.759 -0.157 -0.079 -0.053 0.315
Reducing
sugar
SR, 0.798* 0.060 0.265 0.448 0.422 0.074 0.493 —0.106 —0.096
Nicotine
K’ 0.085 —-0.037 —0.163 —0.093 —0.452 —0.156 0.534 —0.581 0.272
BA —-0.427 —0.791* 0.078  —0.493 —0.574 —0.123 0.569 —0.049 0.052
Total N
TER 0.010 0.243 0.048 0.540 —0.156 —0.053 0.136 0.194 -0.019
Starch
BEDR G 0.212 —0.301 —-0.303 0.245 0.852* —0.089 —-0.529 0.053 0.183
Sugar/nicotine
ZH LG 0.827* —-0.257 —0.467 0.178 —0.009 —0.393 —0.061 0.182 0.382
N/nicotine
1) > Fa <% 2 & 7 0.05 F= 0.01 ) R F A%

1) “*” and “**” indicated significant correlation at P<0.05 and P<0.01 levels, respectively
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