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Effects of Soil and Climate on Non-volatile Organic
Acid Content in Flue-cured Tobacco Leaf
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Abstract: In order to probe the effects of soil and climate on multiple organic acid and senior fatty acid
contents in flue-cured tobacco a soilreplacement experiment was carried out in two tobacco-growing areas
( Luoping County and Malong County) under typical ecological conditions. The results indicated that (1) the
multiple organic acid content in flue-eured tobacco under the climatic conditions in Luoping was significantly
higher than that under Malong climatic conditions the senior fatty acid content in flue-eured tobacco under the
climatic conditions of Malong was significantly higher than that under the climatic condition in Luoping; the
multiple organic acid content in flue-cured tobacco under the soil conditions in Luoping was higher than that in
Malong but not significant the senior fatty acid content in flue-eured tobacco on the soil in Luoping was sig—

nificantly higher than that in Malong. @The effects of climate on multiple organic acid and senior fatty acid
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content in flue-cured tobacco were large; the effects of soil on multiple organic acid content in flue-eured to—
bacco were small the effects of soil on senior faity acid content in flue-cured tobacco were medium; the effect
of interaction of climate and soil on multiple organic acid and senior fatty acid content in flue-cured tobacco
was medium; the variance contribution rates of soil climate and their interaction to multiple organic acid con-
tent in flue—cured tobacco leaf were 54.44% 12.75% and 32.81% and to senior fatty acid content were
48.84% 33.33% and 17.83% .
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Tab.1 Climatic data during the whole growth of tobacco
/mm Precipitation /°C Average temperature /h /°C 1%
County Total sunshine  Accumulated Temperature ~ Air humidity
160.95 314.78 697.82 19.48 20. 81 20.72 712.45 3 603.20 82.47
102. 88 186.58 390.01 17.16 18.32 18.18 791.78 3078.53 76.70
2
Tab.2 Data of main indices of soil fertility
pH / / / / / / / /
Sl Soil types pH (g ke™)  (gcke™) (s-ke™) (grke™) (mgekg™)  (mgeke™) (mgekg™) (mgekg™))
X Value Organic matter Total N Total P Total K Alkali-hydrolyzable N Available P Available K Water soluble CI
5.88 44.47 2.08 1.50 15.03 171.76 69.88 327.30 28.13
Luoping
5.45 31.08 1.52 0.79 12.41 86.96 23.17 77.30 22.52
Malong
2.2
2.2.1
( 3. 6.
11.77 ~23.03 ; ( 3.
7.
( 0~7.62)
( 17.54 ~27.10) .
3
Tab.3 The non-volatile organic acid content of tobacco between different climate
Multiple organic acid Senior fatty acid /
/ / / / / / / / /o (mge
Climate
t Statistics (mg+kg™!) (mg-kg™") (mg-kg~!) (mgekg™!) (mg-kg™!) (mg-kg™) (mg-kg ") (pg-kg™!) (mg-kg™!) ks
ypes
Oxalic acid ~ Malic acid Citric acid Total Palmitic acid Linoleic acid ~ Oleic acid Steric acid Total Total
16.23 86.51 7.13 109. 87 2.65 1.40 12.24 625.79 16.92 126.79
Malong 2.03 19.91 0.79 18. 66 0.10 0.07 0.10 47.66 0.02 18.64
12.51 23.01 11.02 16.99 3.72 5.05 0.79 7.62 0.14 14.70
23.92 102.15 5.36 131.43 2.09 1.06 9.32 440. 64 12.91 144.34
Luoping 2.82 16.55 0.61 19.98 0.43 0.29 2.45 77.30 3.24 23.22
11.77 16.21 11.43 15.20 20.57 27.10 26.24 17.54 25.10 16.09
2.2.2
( 4. 6).

8.95 ~31.45
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( 25.74 ~37.00)
( 6.82 ~12.59) .
4

Tab.4 The non-volatile organic acid content of tobacco between different soil

Multiple organic acid Senior fatty acid /
/ / / / / / / / /o (mge
Climate »
types Statistics (mg + kg=!) (mg-kg™!) (mgekg™!) (mgekg™) (mgekg™!) (mgekeg ') (mgekg™!) (mg-kg™') (mg-kg™') ke
’ Oxalic acid Malic acid Citric acid Total Palmitic acid Linoleic acid  Oleic acid Steric acid Total Total
18.36 95.52 6.30 120. 18 2.18 1.10 9.95 522.74 13.76 133.94
Malong 5.04 17.17 1.95 16.08 0.56 0.35 3.34 193.40 4.44 18.52
27.46 17.97 30.95 13.38 25.74 31.90 33.52 37.00 32.29 13.83
21.79 93.14 6.18 121.12 2.56 1.35 11.61 543.70 16.07 137.19
Luoping 5.83 29.29 0.55 34.57 0.23 0.14 0.79 68. 44 1.23 33.34
26.75 31.45 8.95 28.54 9.01 10. 06 6.82 12.59 7.64 24.30
2.3
o 3
o
5
Tab.5 Variance of non-volatile organic acid of tobacco of different climate and soil
Variation from soil Variation from climates
1% 1%
Chemical components Variance breadth Coefficient of variation Variance breadth Coefficient of variation Conclustion
among soils in locations among climates in soils
/( mg * g~ ') Oxalic acid 18.36 ~21.79 12. 14 16.23 ~23.92 27.11 C>S
/( mg * g~') Malic acid 93.14 ~95.52 19.61 86.51 ~102.15 24.71 C>S
/(mg * g~ ") Citric acid 6.18 ~6.30 11.21 5.36~7.13 19.95 C>S
N(mg=g™) .
120.18 ~121.12 16. 10 109.87 ~131.43 20.96 C>S
Multiple organic acid
/(mg * g_l) Palmitic acid 2.18 ~2.56 12.15 2.09 ~2.65 17.38 C>S
/(mg * g’l) Linoleic acid 1.10~1.35 16.08 1.06 ~1.40 20.98 C>S
/(mg * g~ ") Oleic acid 9.95 ~11.61 13.52 9.32~12.24 20.17 C>S
/(g * g~ ") Steric acid 522.74 ~543.70 12.58 440. 64 ~625.79 24.80 C>S
N(mg+g™1)
13.76 ~16.07 12.62 12.91 ~16.92 19.97 C>S
Total senior fatty acid
/(mg g™ .
133.94 ~137.19 15.40 126.79 ~144.34 19.06 C>S
Total organic acid Content
S: Soil effect; C: Climate effect.
2.4
( 6
2
(F=13.80 P =0.002) (f?=2.29) .
2
(f2=0.16) .
2 . 2
(f2=0.00): .+ . Eta 0.81.0.46  0.02
N 62.79% 35.66% 1.55% -

(F=8.19 P=0.008);
( ). ( ) . ( ) f?
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1.21.0.25  0.00; s Eta’ 0.69.0.45. 0.02
N 59.48%.38.79%  1.72% .
(F=8.43 P=0.007):
( ) ( ). | ) S 1.36.
0.22. 0.00; . . Eta’ 0.71.0.43  0.01
. . 61.74% .37.39%  0.87% .
. 3 54.44%
12.75% 32.81%. 3
54.44% 12.75% - 32.81%.

6

Tab.6 Tests of between-subjects effects of soil and climate on multiple organic acid content of tobacco leaf

F P Eta®

i Cohen’ s /2
Chemical components source of variation Sum of squares dr Mean square F - value P —value Partial Eta?
/(mge+g~) 213.46 3 71.15 13.80 0.002 0.84
Oxalic acid 177.29 1 177.29 34.39 0.000 0.81 2.29
35.24 1 35.24 6.84 0.031 0.46 0.16
* 0.93 1 0.93 0.18 0.683 0.02 0.00
/(mge=g™") 2 745.26 3 915.09 8.19 0.008 0.75
Malic acid 734.30 1 734.30 6.57 0.033 0.45 0.25
16.87 1 16.87 0.15 0.708 0.02 0.00
* 1 994.08 1 1.994.08 17.84 0.003 0.69 1.21
/(mg+g~") 12.39 3 4.13 8.43 0.007 0.76
Citric acid 9.41 1 9.41 19.21 0.002 0.71 1.36
0.05 1 0.05 0.09 0.769 0.01 0.00
* 2.93 1 2.93 5.98 0.040 0.43 0.22
/(mg g 3 637.68 3 1212.56 6.66 0.014 0.71
Total multiple organic acid 1394.86 1 1.394.86 7.66 0.024 0.49 0.38
2.62 1 2.62 0.01 0.908 0.00 0.00
* 2 240.20 1 2 240.20 12.31 0.008 0.61 0.79
2.5
(7
(F=7.23 P=0.011) . (
) . ( ) . ( ) 0.82.0.25. 0.09;
N N Eta’ 0.63.0.43 0.23 N
. 48.84% 33.33% 17.83% -
(F=10.77 P=0.003) .
( ) ) ( )
0.86.0.33. 0.10; N N Eta’ 0.70.0.56  0.31
N N 44.59% 35.67%  19.75% .
(F=9.89 P=0.005) .
( ) ( ). ( ) f? 0. 86+
0.21. 0.18; N N Eta’ 0.69.0.45 0.41
. S 44.52% .29.03%  26.45%
(F=9.89 P=0.005) .
( ) ( ) ) S
1.92.0.18 0.01; . . Eta2 0.78 0.45 0.04
\ . 61.42% 35.43% 3.15%

N 4 49. 84%
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24.65% 25.51% 4 4

49.84% 24.65% - 25.51% -
7

Tab.7 Tests of between-subjects effects of soil and climate on senior fatty acid content of tobacco leaf

F P Eta?
Chemical components Source of variation Sum of squares df Mean square F —value P —value Partial Eta2 Cohen’ sz

/(mg g1 1.53 3 0.51 7.23 0.011 0.73
Palmitic acid 0.94 1 0.94 13.39 0.006 0.63 0.82
0.42 1 0.42 5.96 0.041 0.43 0.25
* 0.16 1 0.16 2.34 0.164 0.23 0.09

/(mg+g™") 0.62 3 0.21 10.77 0.003 0.80
linoleic acid 0.36 1 0.36 18.68 0.003 0.70 0.86
0.19 1 0.19 10.00 0.013 0.56 0.33
* 0.07 1 0.07 3.64 0.093 0.31 0.10

/(mg+g~) 43.55 3 14.52 9.89 0.005 0.79
Oleic acid 25.56 1 25.56 17.41 0.003 0.69 0.86
8.28 1 8.28 5.64 0.045 0.41 0.18
* 9.71 1 9.71 6.61 0.033 0.45 0.21

(ugeg™h 0.13 3 0.04 11.77 0.003 0.82
Steric acid 0.10 1 0.10 28.47 0.001 0.78 1.92
0.00 1 0.00 0.36 0.563 0.04 0.01
* 0.02 1 0.02 6.48 0.034 0.45 0.18

/(mg+g) 79.71 3 26.57 9.47 0.005 0.78
Total senior fatty acid 48.22 1 48.22 17.19 0.003 0.68 0.89
15.98 1 15.98 5.70 0.044 0.42 0.19
* 15.51 1 15.51 5.53 0.047 0.41 0.18

3
(1
)
y ~ o
(2)
o N N 54.44%
12.75%  32.81% 48.84% 33.33%  17.83% .
~ °
13 -14
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