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Abstract

In order to explore the relationship between phosphorus content in tobacco planting soil and the
quality of tobacco leaves produced in Wenshan Prefecture, Yunnan Province, 222 soil samples and
222 tobacco leaf samples from seven counties in Wenshan Prefecture were used as research objects,
correlation analysis and difference significance analysis were used to analyze the relationship be-
tween soil phosphorus content and tobacco leaf appearance quality, physical characteristics, con-
ventional chemical composition, sensory evaluation quality, as well as the differences of appearance
quality, inner quality of tobacco leaves produced in different phosphorus content grades of soil. The
results showed that: (1) there was a significant or extremely significant negative correlation be-
tween the total phosphorus content in soil and the color, oil content, maturity, and chromaticity of
tobacco leaves; as the total phosphorus content of tobacco planting soil increases, the color, maturity,
and chromaticity scores of tobacco leaves show a downward trend. (2) The phosphorus content in
soil is significantly negatively correlated with the equilibrium moisture content and stem content of
tobacco leaves, and extremely significantly negatively correlated with the filling value of tobacco
leaves; within a certain range, the equilibrium moisture content score of tobacco leaves tends to de-
crease with the increase of total phosphorus content in the soil; the score of tobacco leaf filling value
shows a significant upward trend as the total phosphorus content in the soil increases. (3) The total
phosphorus content in soil is highly significantly positively correlated with the total nitrogen con-
tent of tobacco leaves, while it is highly significantly negatively correlated with the total sugar, re-
ducing sugar, and sugar alkali ratio of tobacco leaves; the total alkaloids and total nitrogen content
of tobacco leaves increase with the increase of soil phosphorus content, while the total sugar, re-
ducing sugar content, and sugar alkali ratio of tobacco leaves show a downward trend with the in-
crease of soil phosphorus content. (4) The total phosphorus content in soil is significantly negatively
correlated with the roundness and aftertaste of smoke; as the content of available phosphorus in the
soil increases, the scores of the four indicators of aroma quality, impurities, roundness, and dryness,
as well as the total score of absorption, all show a downward trend; and the total phosphorus con-
tent in the soil increases, the overall score of aftertaste indicators and total evaluation scores show a
downward trend. Based on comprehensive analysis, it is preliminarily believed that when the total
phosphorus content in soil is greater than 1.5%, if the traditional phosphorus application rate is still
applied, it will have a negative impact on the appearance quality of tobacco leaves; When the soil
available phosphorus content is greater than 10 mg/kg, if the traditional phosphorus application
rate is still applied, it will have a negative impact on the smoking quality of tobacco leaves.
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Table 1. Correlation coefficient between soil phosphorus content and tobacco appearance quality score
1 HESMESEERMIINIREENHEXERK

TUES Bt J I =) iy o LINSYiy
Category Color Maturity ~ Leaf Structure Body Oil Chroma  score of appearance quality
WA -0.0817  -0.1048 0.0137 -0.0196  -0.1042  -0.0769 -0.0647

£W -0.1998"  -0.1658" 0.0426 0.0622  -0.1839” -0.1705" -0.1248

TE: TRE5NEEAKT, TRE 1%EEKT.

Table 2. Differences in appearance quality scores of tobacco leaves produced in soil with different grades of available phos-
phorus content

2. NEHDREN S B DR~ EH N RE A BERT

Fhk 2 YA - M 45 ; AN S
=l o\ NIiPAY Eod
Cate- Fivk Bl Color ﬁk?g Leaf A {Eh.ﬂ B score of ap-
grades Maturity Body Qil Chroma ]
gory Structure pearance quality
<5 8.44a, A 8.25a, A 8333, A 8.1l1a A 7.17a, A 6.56a, A 55.06a, A
5~10 7.99ab, AB 7.91ab,A 7.80a,A  7.56b,A 6.84ab, AB 6.0lab, AB 52.09ab, AB
(ﬁgjfkﬁ?) 10~20 8.15a, AB 8.00a, A 7.99a, A  7.85ab, A 6.85a, AB 6.21a, AB 53.08a, AB
20~40 7.81b, B 7.62b, A 7.95a, A 7.70ab, A 6.56b, B 5.77b, B 51.23b, B
>40 8.05ab, AB 7.83ab, A 8.07a, A 7.79ab, A 6.76ab, AB 6.17ab, AB 52.81ab, AB
<0.50 8.45a, A 8.23a, A 8.13a, A  7.94ab, A 7.15a, A 6.50a, A 54.64a, A
065705~ 8.04b, AB  7.95ab, A 7.82b, A 7.59b, A 6.82ab, AB 6.14ab, AB 52.33ab, AB
&8 075 b, AB 7.84ab, A 7.90ab, A 7.69ab, A bc, AB b,AB  5223ab, AB
(%) 1.00 8.09ab, .84ab, .90ab, .69ab, 6.69bc, 6.06ab, 52.23ab,
11'0500'" 798bc, AB  7.82ab,A 8253, A 80la A 683ab AB  6.00b,AB  52.90a AB
>1.50 7.57c, B 7.50b, A 7.81b, A 7.67ab, A 6.31c, B 5.64b, B 50.19b, B

T NEFERE SN EFE KT, KEFERME 1% 58 F /KT .
3.2. AT HBESESHEHYEBIERXR
3.2.1. {HEATHEMES ESEM YRR E X

Table 3. Correlation coefficient between soil phosphorus content and physical indicators of tobacco leaves
% 3. TEMRSESEMYIRIEFREXRE

SE AT A K 2R A~ HH 2R
e ik e st Tk R il
- . Equilibrium Stem Containing .
Category  Leaf length Leaf width  Leaf weight - Filling power
moisture content rate
H A 0.0766 0.0243 0.0244 -0.1336" 0.0411 0.1422"
e -0.0776 -0.1982™ -0.1187 -0.2174™ 0.1284 0.2156™

T REREMG TRERBEAK.

AR DX - 3 2 5 e 5 I ) BB R A 0 AR OG0T e 3 Fos, R JR0 e S t 5  5 JA T-1l
FKFEERZEGAASS, S EREEE EH, TIRAREE R 598, P 5 KRR FUH G,
SR A TR AR R
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3.2.2. HEMTIRBHR S B SBAHIIRIERS S RIEX M

Table 4. Correlation coefficient between soil phosphorus content and physical index scores of tobacco leaves

4. LIRBS B SRR IER S O HEX AR

e BRI ST B K EpES HRME
Category Leaf weight Equilibrium moisture content Stem containing rate Filling power
R -0.0126 —0.1407" —0.0543 0.1443"

e 0.1430" -0.2307" —0.1535" 0.2335™

T REREMG TREMBEAK.

R A KRR, SOLRE X 3R 35 S - B R ARG A AR RGRA OR R TR & B S
RSP 5 KRG B UG, SIAMHRFSEA B3 AR, HRep s & S A E570 . 15
EAF 29309 2 R S IEAHOR, S PH S K197 . S REEAT 70 7000 9 35 A0 6 2 AR 5%

3.2.3. FRIER MRS ELRAREHHYIRERESERMLR

45 Bl RoR, WS R “5~20 mg/kg” AR L IEFT IET S ARG s, B ISR
TR S K RTTAE T s B R A S BN, R EA GRS RS R
T “>1.5%” REURIS, Bl RS O AR ST S K RO T R B SR S A G, AR
FEEAR RIS BT S .

Table 5. Differences in physical Index scores of tobacco leaves in soils with different phosphorus content
5. FEMERHERS ETIRFA~ERERER G ERM

N e N SE A A K R A HH 2 1H
(ES Bk Bl K i L
. Equilibrium moisture Stem containing Filling
Category grades Leaf weight
content rate power
<5 64.29a, A 95.25ab, A 84.92a, A 38.60b, A
5~10 64.90a, A 96.71a, A 81.94a, A 43.01ab, A
(J\Egjlllfzi) 10~20 70.51a, A 96.19a, A 83.14a, A 44.33ab, A
20~40 64.18a, A 93.92b, A 81.90a, A 46.58ab, A
>40 67.44a, A 94.00ab, A 81.46a, A 50.27a, A
<0.50 65.31abc, A 95.29a, AB 83.13ab, AB 3.09bc, B
0.50~0.75 64.95bc, A 96.78a, A 83.69a, AB 3.08c, B
%/@f 0.75~1.00 62.76¢, A 95.67a, A 85.24a, A 3.18bc, AB
0
1.00~1.50 70.42ab, A 94.63 a, AB 81.21ab, AB 3.23ab, AB
>1.50 74.72a, A 91.21b, B 75.07b, B 3.41a, A

e NGFRHR 5% R E KT, KEFRER 1% 58 F KT

33. EBATRBMESESBHERAUERTXF

331 EETEBMERSESHEHENLERTIENAXY

PRI X 39 35 B 5 T IR 22 i BT AR R AR SR TE AT i 6 P, T3l & B 5
S AL 5 O3 1) 10 TR ARAR OGRS, #ARIA BB FACE . TR & 8 508 AL 22 o KATAE
TR VERSR, IR WS B S DR BV A G, SR SRE . SR DR REmR LS 2k
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Table 6. Correlation coefficient between soil phosphorus content and conventional chemical composition content of tobacco leaves
6. TIEMREESRMENLERSEEEXEREY

o BEEE wm wmm o s om o JEIL g, TIRHE e

o~ Total Total  Reducing Total Potas- . 9 Nitrogen 9 Potassium
Category - . - Chloride sug- : sugar/Total -

alkaloids sugar sugar  nitrogen  sium ar/alkali /alkaloid sugar [chloride

A 0.1043 -0.1279 -0.0731 0.0756 -0.0576 -0.0031 —0.1215 —0.0855 0.0839 —0.0216

ST 0.1242 -0.2593" -0.2188" 0.1923™ -0.0466 0.1210 -0.1751" -0.0157 0.1064 -0.1168

T TREMBEAK.

332 EALTHMRIESHAHEMLER 2B IRIEXMY

Table 7. Correlation coefficient between soil phosphorus content and conventional chemical composition scores of tobacco leaves

# 7 IEBMRLSESEMHERAUERSEIEXRY

s S TR RBA o BB L U EE Pt L A Ry

Categor Total Reducing  Total Potassium Reducing Nitrogen  Reducing sug-  Potassium Total

90T alkaloids sugar nitrogen sugar/alkali ~ /alkaloid  ar/Total sugar  /chloride score
T -0.0793 -0.0872  -0.0259 0.0129 -0.0577 -0.0073 -0.0028 -0.1156  -0.0746
AT -0.0134 0.0305 0.0299 -0.0627 0.0206 0.0549 0.0281 -0.1066  —0.0538

R A AN A R S R A O R ART AR R AN OGRS, EORIA BRI, R T,
3.3.3. TEBEEHEIRHEE TR = BH BRI F RS ER M

Table 8. Differences in conventional chemical composition content of tobacco leaves produced in soils with different levels of
phosphorus content

z 8 TEMAMESELRMEHNERAUER S SEERM

\ L R A _ wt e DR e
Foe g SEOBL e ERECBEC g RIE RBIE g AL
Total al- Reducing Total . . Reducing  Nitrogen Potassium
Category Grades - Total sugar . Potassium Chloride . - sugar/Total -
kaloids sugar nitrogen sugar/alkali /alkaloid sugar /chloride
<5 212b,A 3418, A 2659, A 179%,B 182a, A 014a, A 1698a A 0.86a, A 0.783, A 14.01a A
> 2.37ab, A 31.56b, 23.43b, B 1.943b, 1.88a, A 0.17a, A 14.20abc, AB 0.84a, A 0.75a, A 12.68a, A
10 AB AB
10 5 gaan A 3L o3a5h B 2008, AB 1948, A 0172 A 14.99b, AB 089, A 0743 A 1293 A
(mg/kg) 20 AB
20~

40 2.56a, A 30.72b,B  22.75b,B 2.04a, A 1.88a, A 0.17a,A 12.75c,B 0.8la,A 0.75a, A 12.98a, A

>40 2.45ab, A 30.35h,B 2355b,B 2.04a, A 1.84a, A 0.17a, A 13.35bc, AB 0.85a, A 0.78a, A 12.34a A
<0.50 2.19c,A 32993, A 2522a,A 186b,A 192a, A 0.15b,A 16.73a, A 0.88a, A 0.77ab, A 14.32a A

065705~ 2.30bc, A 32.23ab, A 23.84ab, AB 1.95ab, A 193a A 0.16ab, A 151lab, A 087a A 0.74ab, A 13.38a, A

0, ~
EBHO0) 01'7050 252c, A 3L46ab, A 23.09bc, BC 199ab, A 183a, A 0.16b, A 1324b,A 08lb,A 074b,A 12533 A
11'050(; 2.48ab, A 3°f§b’ 23.32b, ABC 2053, A 191a A 017ab,A 13330, A O'Siab’ 0.76ab, A 12.68a, A

>1.50 2.42abc, A 2852c,B  21.77c,C 2.10a, A 186a, A 0.19a, A 13.00b,A 089, A 0773, A 11573 A
e NG RUR 5% R FH AT, KT RUER 1% 8 FH K.
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48 Bl o, AR REER SR LR R R O S B E RO RIS
JITEL, SRR A S R R R T e TS AN SR SRR S BN AR L A
BRI T T R R, tRAem SR, RIMAMFES, S E. SR SR
ARG T T BT SRS S SO S R AE B LA B 3 e RS T T R R

3.3.4. FEBREEHRIEE DR~ EHERUERS B2 ER TS0

Table 9. Differences in conventional chemical composition scores of tobacco leaves produced in soils with different levels of phos-
phorus content

FO. TEMABMESELRMEHNERAUERITAERMN

PIHE EL

ME K SEYEL TR SSE< e BEBLL  RmLE ol B sy
Catejz Grades Total alka- Reducing Total ni- Potassium Reducing  Nitrogen su ar/Tot%I Potassium Tot‘;I\ score
gory loids sugar trogen sugar/alkali /alkaloid g /chloride

<5 91.54a, A 94.76a, A 94.78a, A 87.51a, A 79.85a, A 91.09ab, A 72.94a, A 99.06a, A 87.86a, A
5~10 85.20a, A 92.40a, A 92.71a, A 87.05a, A 76.51a, A 87.27b, A 68.38a, A 99.76a, A 84.73a, A
10~20  89.26a, A 92.19a, A 89.70a, A 86.15a, A 76.73a, A 91.25a, A 71.24a, A 98.86a, A 85.9la A
20~40  86.74a, A 91.97a, A 90.50a, A 85.56a, A 76.27a, A 89.24ab, A 68.27a, A 98.42a, A 84.69%, A

>40 83.27a, A 89.36a, A 91.09a, A 85.12a, A 76.42a, A 89.69ab, A 65.31la, A 99.49a, A 83.70a, A
<0.50 89.46a, A 91.66a, A 88.42ab, A 88.44a, A 78.0l1a, A 92.70a, A 72.62a, A 99.18ab, A 86.70a, A

0.50~0.75 91.29a, A 91.94a, A 91.58ab, A 85.54a, A 83.34a, A 89.03a, A 71.84a, A 99.30a, A 87.43a A
%2? 0.75~1.00 78.08b,B 91.93a, A 88.35b, A 85.67a, A 70.79a, A 89.11a, A 66.06a, A 97.80b, A 81.77b, B
1.00~1.50 90.34a, A 92.79a, A 94.37a, A 86.05a, A 74.75a, A 89.10a, A 69.18a, A 99.49a, A 85.47a A

>1.50 87.07ab, AB 90.45a, A 89.29ab, A 88.02a, A 76.19a, A 92.76a, A 66.09a, A 99.16ab, A 84.91ab, AB

e NG FRER 5% R E KT, K5 FRHER 1% 8 KT

R
(mg/kg)

HI2 O WIR, AS[RIE RS X TSR Bi ™ M ) AL B 19 0 AP AL s 2280 TR I, Bl
S B T, T AR IR R ARG > BT B s R “>40 mg/kg” AR ST
MR FR 1 LA 23 B SRR . AT 1T, A R4S

34 EHBATRBMESESHBHREITRREXR
34.1 EATHMRSESHAHRBEITRREBEXMES T

Table 10. Correlation coefficient between soil phosphorus content and sensory evaluation scores of flue-cured tobacco
10, TIEHMEESEFERETMESHEERY

N N S N 5, = oo ; 5y . N
fg i g B mem omae BTommE memommee e 0 s
Cate- Smoke Y Volume Penetra- - MIFEEE  Round- Irritat- Dry sensa- .~ Total

- Impact of aro- o sive . . aftertaste
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48§ 0.0222 0.1404" —0.1143 -0.1067 -0.1194 -0.0431 —0.1105 -0.1871"" —-0.0515 -0.1007 —0.1558" —0.0465

TE: REBEMG TREMBEAL.

MR X 3 3 5 2 5 0 MR B PPIRAS 20 R SR MR B2 10 P, L33 R0l & i S5 R R B PP IR o
RIS, PIRERNEZFAT; HRERESESENELE T BE B, SR, K% 2 Tt
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Table 11. Differences in sensory evaluation and smoking quality between soils with different levels of phosphorus content and

flue-cured tobacco
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