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Abstract: Soil air capacity is very important to growth and quality of tobacco. In soils poor in air capacity, tobacco has its leaves
expanding slowly at its early growth stage and getting thickened and inadequately expanded at its late growth stage because of
continuous nitrogenrelease from the soil, thus seriously affecting quality and flavor of its flue-cured leaves.  Objective  This
study was oriented toinvestigate soil air capacity of the tobacco-planting areas typical of Yunnan Province, and explore
relationshipof soilaeration porosity and soil physical properties with tobacco growth and main factors influencing
soilaerationporosity so as to find effective ways to improve quality and yield of the tobacco in Yunnan Province. Method For
this study, field experiments were laid out in three tobacco planting areastypical of Yunnan Province, i.e. in QinglongTown,
NingzhouTown of Huaning County, YuxiCity and ZiwuTown in ChuxiongCity. A total of 38 soil samples were collected from the
topsoil and subsoil layers of the experimental tobacco fields for analysis of basic physico-chemical properties, including soil
texture, soil bulk density, soil organic matter (SOM) and total nitrogen (TN) contents, pH and so on. Soilaeration porosity of the
soil samples was measured with the sand—kaolin box method. Variance analysis and correlation analysis were performed of the
obtained data to explore relationshipsof soil aerationporosity with soil physico-chemicalproperties. In the end, a soil
aerationporosity prediction model was established based on transfer function of the soil physico- chemicalproperties. Results
Results show that in line withthe USDA standard for soil texture classification, the soil samples collected from the three areas
were dominantly of clayey loam in soil texture, making up about 40% of the total, then of loam and the least of silty loam, which
accounted only for 7.9% of the total; bulkdensity of the soils in the three areasvaried from 1.3 to 1.5 g-cm ™, a suitable range for
tobacco growth in Yunnan Province; soil organic matter (SOM) content and soil nitrogen supply capacity were high enough to
meet the nutrient needs of tobacco for growth and to ensure quality and yield of the crop; and soil aeration porosity was found in
the range of 5.9%-15.1%, being on the low side as whole for the areas and varied quite much spatially between areas, with the one
in Qinlong Town being the highest, at about 15.1%, which was followed by the one in Ningzhou Town and then the one in Ziwu
Town, the lowest at about 9.4%, which is obviously inadequate to meet the need for cultivation of high quality
tobacco.Correlation analysis shows that aeration porosity in tobacco-planting soils is mainly affected by silt and clay contents and
ultra-significantly and positively related to silt content and negatively to clay content. Consequently, soil aeration porosity can be
roughly estimated based on silt and clay contents in the soil. Conclusion The soils in the tobacco planting areas of Yunnan are
mainly of loam and clayey loam in texture, and their soil bulk densities and nutrient contents are suitable for growth of flue-cured
tobacco. But their soil aeration porosities are apparently inadequate for healthy growth and flavor development of tobacco.Soil
aeration porosity is significantly related to silt and clay contents in the soil. Therefore, it is recommended that tobacco should be
cultivation in soils, loam or sandy loam in texture, where high soil air capacity is available for healthy growth of quality tobacco.
The findings in this study may serve as reference for local governments in zoning for cultivation of flue-cured tobacco.

Key words: Tobacco-planting soils; Soil aerationporosity; Main controlling factors; Tobacco Areas of Yunnan Province
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Table 1 Basic physic-chemical properties of the studied soils
R
H LS R
_ Bulk density/
SR b A 53/ SoM/ (gkg™t) TN/ (gkg™")
(gem?)
Sampling sites Layer
L ¥ 3 Fl ¥ I FEl ¥ Fen izl ¥
Range Mean Range Mean Range Mean Range Mean
BT HHEZE®  1.02~142 13+0.1a 53~8.0 7.2+0.7a 13.08~42.10 26.4+9.0ab  0.83~2.60 1.6+0.5a
Qinglong RIEE?  1.10~1.50 1.3+0.1a  53~83 7.5#0.8a 11.53~47.44 26.6£9.5a  0.80~2.72  1.7£0.5a
T BHEZ®  1.12~1.68 13+02a 4.8~82 6.8+l.la 12.38~30.88 23.046.2b 0.78~1.94  1.5+0.4a
Ningzhou RIERE?  135~1.73  1.5+0.1a 68~8.1 7.5£0.5a  8.76~30.27 20.9+7.8a 0.62~1.93 1.3+0.5a
Fr HHEZE®  1.19~147 13x0.1a  57~7.9 6.6+09a 11.66~47.86 31.0¢12.9a 0.52~3.11 1.9+1.0a
Ziwu BER®  132~151 1420.1a 55~8.1 6.8+0.9b  8.21~39.74 25.7+x124a  0.50~2.68  1.740.9a

W EWERMEZE, R—3 P ARFRRR2Z R BE (P<0.05), T, Note: Averagetstandard difference. Different letters in the

same column mean significant difference ( P<0.05) . The same below. D Topsoil, @Subsoil

22 =EHBEE BRI AR

HRPEIEE AR (USDA ) HIEWk /g (R4,
0.05~2.00 mm; A, 0.002~0.05 mm; Ziki, <
0.002 mm ) FIFTHLAFZE, HHER 2 WAL, & RHbIXHZ
TIERDRL . OBPRRIRRL L BIAE SR 34.3% . 42.0%
1 23.7%, Dikykioh 3. BURE HHERHRL L H R

41.3%, = b Helsesy o TN IX RV E I R
Ky RLFNERL LLBIE S 32.2% . 39.6%F1 28.2%,

DUBYRL R 32, AERUR)ZE T, Bk, 15 39.6%,
HLUCHRPRL, Bk & AR, T b X B EZ 40
Wrkr & st , ARLIEREA 25.88%~56.16%, HEN
39.0%. AURJZRIFERRL S S, 15 37.7%;
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Table 2 Soil particle size composition
Wikr 2H BY, Particle composition
ki Sand Hhkr Silt FkL Clay
Layer Sampling sites
JLl Range {8 Mean JLFl Range {8 Mean JLl Range {8 Mean
#JE Qinglong  13.88~61.96 34.3+12.1a 23.16~61.24 42.0+10.1a 14.88~31.88 23.7+4.6a
BHEZ
T Ningzhou  16.68~58.6 32.2+11.0a 33.12~51.00 39.6+5.9a 17.56~39.80 28.2+7.8a
Topsoil
F4 Ziwu 12.48~54.52 33.7+15.6a 25.88~56.16 39.0+10.4a 17.96~34.08 27.3+6.1a
HE Qinglong  21.24~60.56 33.5+10.2a 24.76~56.32 41.3+7.8a 14.68~36.72 25.2+5.0a
RURE
TJH Ningzhou  16.00~62.32 32.8+13.8a 28.96~43.08 38.2+5.3a 8.72~36.40 29.0+9.2a
Subsoil
F Ziwu 12.28~56.72 34.9+17.0a 24.16~55.24 37.7£10.9a 18.44~36.08 27.5+6.9a

W 2 Tl LR R DX 4 T SR AR it 1) - 48 T M A A T
ARG, RS, SR WA 1 PR
M 1R, 2 EE SRR A X 39 32 B 7 R
Bt Wbt it MR L . AL S
2, HDIFHEL S is, 18 39.5%; Lk,
i 31.6%; Mg A0 h 7.9%,

45
40 o
S 35F :
&30t
5 a5t
g.“: 20
2 15F
Lot
P 2 R O =5 = 2
S S g
R & "
{
T2 Soil texture types
F 1 = AR X 35 i & b

Fig. 1 Proportion of soils by texture in the tobacco planting areas

typical of Yunnan Province
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15.1% . 10.6%F1 9.4% , T Jo i X 1438 LB B f3e e

TN T M X 55 e XA L, 3 LB EE 50 )
WD T 11.3%F0 29.8%.

FERURZ B4eh, b X ) - 6m <AL B
W, 15 10.8%, TMAFAHIX 5H XA L,
WASLBRE 2 B> T 40.7%F1 45.4%, Hi, 7
N 11X = 33 AL B e IMEAUH 0.75%

R AN 22 AR R o R A K Y
SALBENT 15.9%~19.6%., ME 2 il LIHEH, =
P HLR AR 0 IX - 5 AL BRI KO 15.1%,
/K 5.9%, BHURTIGFE 15.9%. Bk, Hk.
TN RN i XA A 38 AL AN 2 Y ] A

x3 ITRESAKE

Table 3 Soil aeration porosity

S ALBLEE
J2IR SRAF b A Soil aeration porosity/%
Layer Sampling sites Ju HIE
Range Mean
# J¥ Qinglong 6.82~23.72 15.1£5.1a
BHEZ
T Ningzhou 6.67~12.90 10.6£2.3b
Topsoil
T4 Ziwu 4.12~13.65 9.4+3.5b
# J¥ Qinglong 2.27~17.97 10.8+4.4a
R
T Ningzhou 0.75~12.70 6.4+3.5b
Subsoil
T4 Ziwu 3.25~8.60 5.9+1.9b
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typical of Yunnan Province
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Fig. 3  Soil aeration porosity of the tobacco fields relative
to soil texture
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Hem AL — B2, TR AR MEWCAE 2
KRB . L, W] LA SEAR A 1 e At B 4R Jm Pk Y
B Ny S AL B B A A% 2 R B TR

X FR AR 5 M A5 K L2 ) AR IBUECHR 4 s R
R 2 AN R L, DU (Silt) &
IR, A RER AL (AP) SHRL S
AR R (£ 4); FERR 2 d, DIZGKL (Clay )
o OIREE, o HHEESILRE (AP) 5%k
Sy RIEXE R,

x4 TRESAREMEIEARE

Table 4 Regression equation of aeration porosity (AP)

=34 L [m] )55 2
R? P
Layer Model Regression equation
BEE)Z 1 AP=—0.16xSilt+ 18.19 0.126 0.031
Topsoil 2 AP=—-0.26xClay + 18.22 0.164 0.013
RIKZE 1 AP=-0.156xSilt+ 14.22 0.092 0.064
Subsoil 2 AP=—-0.224xClay + 14.08 0.143 0.019

S AT ST H T I AN 55 R B e B b
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AR RVEIRAT 5, ASRIBEAE 5 38R Al o) 58 25 4
SO R AL, XL R R G OIS
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