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Vertical distribution characteristics of pH and calcium-magnesium-sulfur
elements in tobacco-growing soil in the Hunan typical rice-tobacco areas

Y1 Ying!, ZOU Yidong?, FAN Huan?, LIU Xiaoming?, XIAO Mengyu?®, CHEN Xiaye*, ZHANG Tongzhuo®,
GUAN Mingxin®, LI Hongguang®, LI Juan?, FANG Ming*, LI Wen**

(1. College of Agronomy, Hunan Agricultural University, Changsha, Hunan 410128, China; 2. Liuyang Branch, Changsha
Tobacco Company of Hunan Province, Liuyang, Hunan 410300, China; 3. Hengyang Tobacco Company of Hunan
Province, Hengyang, Hunan 421001, China; 4. Chenzhou Tobacco Company of Hunan Province, Chenzhou, Hunan

423000, China; 5. China Tobacco Guangdong Industrial Co. Ltd., Guangzhou, Guangdong 510310, China)

Abstract: To explore the vertical variation patterns of pH and calcium-magnesium-sulfur elements in tobacco-growing
soil in the typical rice-tobacco areas in Hunan Province, representative soil samples were collected from 0 to 50 cm soil
layers(divided into 5 layers, 10 cm per layer) in three locations: Chenzhou, Hengyang and Changsha. The contents of
major soil nutrients were determined, and the deficiency and sufficiency status and vertical distribution characteristics of
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soil nutrients were analyzed using classical statistical methods. The results showed that in the 0-50 cm soil layer of
typical rice-tobacco areas in Hunan Province, the pH(7.4820.67) and the mass fraction of exchangeable magnesium
((300.464174.34) mg/kg) were relatively high, while the mass fractions of exchangeable calcium((4 914.4533 325.86) mg/kg)
and available sulfur((58.59421.33) mg/kg), and the calcium-magnesium ratio(19.31+16.55) were extremely high. In the
plough layer(0-20 cm), 65.00% of the soil had a calcium-magnesium ratio greater than 10, and in the non-plough layer
(>20-50 cm), 68.89% of the soil had a calcium-magnesium ratio greater than 10, which could easily cause physiological
magnesium deficiency in tobacco plants. The pH and the mass fraction of exchangeable magnesium in the non-plough
layer of tobacco-growing soil were significantly higher than those in the plough layer, while the available sulfur showed a
surface accumulation phenomenon, and the content in the plough layer was significantly higher than that in the
non-plough layer. The mass fractions of exchangeable calcium, exchangeable magnesium and available sulfur in the soil
were all in a quadratic relationship with pH. When 5.0<pH<:7.0, their mass fractions increased with the increase of pH,
but at the condition of pH>7.0, their mass fractions decreased with the increase of pH. Therefore, tobacco production
requires controlled use of limestone, alkaline fertilizers and potassium sulfate, and to construct a balanced plough layer to
optimize nutrients and produce high-quality tobacco leaves.

202642 A

Keywords: soil; pH; calcium; magnesium; sulfur; medium elements; vertical distribution; rice-tobacco areas
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Table1 The pH and medium elements grading standards of tobacco-

planting soils in typical rice-tobacco area of Hunan Province
4y U (mg kg™t

5 pH

TR, AR R
WAt <5.0 <400 <50 <5
& >5.0~55 >400~800 >50~100 >5~10
i&H  >55~7.0 >800~1200 >100~200 >10~20
® >7.0~75 >1200~2000 >200~400 >20~40
Mg >75 >2 000 >400 >40

1.5 BUBRSHHEE

% FMicrosoft Excel 20215 ##E 34T Hh iR PE 4¢
THR Lm0 0T K 22 B R FIRIE & #E47Pearson
AT

2 HRESH
AR SR FE(E MR X AE R 3] pH 73 T HHIE
HIR2RT 1, 3mSR A DX AR A - S

1E |2 (D1+D2) I pH V- #4{H N7.22, AL 5 H N
5.13~8.20, 285t R#¥N10.25%, i B MHRR A KA+

2.1

AR B FERXEE TR H R HEE S S/

Table 2 pH and suitability distribution of tobacco-planting soils in the typical rice-tobacco area of Hunan Province

PHIE B A 5% 1%

e i RERER gy

(mg kg™) (mg kg™) % <50 >50~55 >55~7.0 >7.0~75 >75
D1 5.13~8.03 (7.1240.78)c 10.96 0.00 6.67 43.33 6.67 43.33
D2 5.67~8.20 (7.3240.69)b 9.43 0.00 0.00 30.00 20.00 50.00
D1+D2 5.13~8.20 (7.2240.74)c 10.25 0.00 3.33 36.67 13.33 46.67
D3 5.63~8.27 (7.6740.56)a 7.30 0.00 0.00 10.00 20.00 70.00
D4 5.67~8.30 (7.64240.57)a 7.46 0.00 0.00 10.00 23.33 66.67
D5 5.73~8.30 (7.6240.56)a 7.35 0.00 0.00 10.00 23.33 66.67
D3+D4+D5 5.63~8.30 (7.6420.56)a 7.32 0.00 0.00 10.00 22.22 67.78
Ltz 5.13~8.30 7.4840.67 8.96 0.00 1.33 20.67 18.67 59.33

e FSIARE/NG FREOR TR B 2 578 Gt it 2 8 L (P<<0.05).

1%pH 536.67%; AEHHEJZ(D3+D4+D5)(1) L 1EpH &
EwmTHHERER, PYENT64, TGRS
5.63~8.30, AR RENT32%. NELEKE,
pH>7.5(1) 134 559.33%, 1X 3 HH I 5 dL R RS VAR X
FELJH L S pH B AR A T KT 34, 35 pH
A RBORUN, BB R, 10 B e SR
TEMHIX +3EpH > A 5355 o

22 AR EIERXERTENPETRESE
= H R HHE
22,1 R4S

I3 AT, TR SRS MR X A e o
US4 L) AT FE29933.02~12 722.42 mglkg,
Bl 4 914.45 mg/kg, 5 REN67.31%, FifE
AR5 o BHEE A B B BUK T AEHE =
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1, HESLGIERE . BHESREEREERCH: W90 i SR AR 08 DX AR 00 - B 1 J2 o 58 46 PR 45 I

PR 57 B 7 BOR A G L 43 0] 9978.90~12 722.42, B BUS R R, S EE AR K 1 3% 18.33%,

933.02~12 602.87 mglkg, ¥IME 7594 72452, b T = 7K A _E(>1 200 mg/kg) i) 1591.67%; FEHHE

5041.08 mg/kg, A8 RE5 7 486.30% 54.17%.  JEASHRIEE S FUE T KL F) 5 96.67%.
3 HRAREEERER DRSS RES B R EEEY S

Table3 Mass fraction of exchangeable calcium and suitability distribution of tobacco-planting soils in typical rice-tobacco areas of Hunan Province

AZ A 5 B 3 B0 A T AR 1%

e A543 BEHRAEZES 255 R M — - - -
(mg kg (mg kg % <400 >400~800 >800~1200 >1200~2000 >2000
mg/kg mg/kg mg/kg mg/kg mag/kg
D1 978.90~12 698.73 4595.07+4 036.18 87.84 0.00 0.00 6.67 26.67 66.66
D2 1047.43~12 722.42 4853.97#4 183.21 86.18 0.00 0.00 10.00 26.67 63.33
D1+D2 978.90~12 722.42 4724.5244 077.46 86.30 0.00 0.00 8.33 26.67 65.00
D3 933.02~12 602.87 5129.90#4 040.63 78.77 0.00 0.00 6.67 30.00 63.33
D4 965.65~9 718.33 5105.01+ 897.66 37.17 0.00 0.00 3.33 6.67 90.00
D5 1285.98~8 270.63 4 888.32+ 708.48 34.95 0.00 0.00 0.00 6.67 93.33
D3+D4+D5 933.02~12 602.87 5041.08+2 730.63 54.17 0.00 0.00 3.33 14.45 82.22
Ko~ 933.02~12 722.42 4914.4543 325.86 67.31 0.00 0.00 5.33 19.34 75.33
2.2.2 b4 BT B R B AR, AT IE E TR+

1 1534.67%, B HR M AL 5 1.33%, iR
Iy EUE S 1% 5 64.00%. MAE L ZERE,
D1. D2. D3Jz=A8 4tk 45 it & 43 Hdk 138 B /K11
35 5 EE R R, 43 ) 943.33%. 56.67%. 50.00%.

IR AT A, T R S 28 A 1 R XA A 8 4
22 bk A i B 23 $00953.98~910.75 mglkg, ¥IME AN
300.46 mg/kg, 75t F % /958.02%, ErhEEALRS,
JERE 2 1058 Hi PR B o 2 4 B 2 s T E =1
& BN S AR R, 1 R MR R AT A X R 0 L

=4 HERREEARERA DR ERES R R EEEN ST

Table 4 Mass fraction of exchangeable magnesium and suitability distribution of tobacco-planting soils in typical rice-tobacco areas of Hunan Province

BB T 7 S B A A 1%

A AL Y B IER NPT A5 AR

+= (mg kg (mg kg ) % <50  >50~100 >100~200 >200~400  >400
mg/kg mg/kg mg/kg mg/kg mag/kg

D1 127.38-660.38  (252.112116.33)b 46.14 0.00 0.00 43.33 46.67 10.00
D2 109.77-589.77  (233.672107.95)b 46.20 0.00 0.00 56.67 33.33 10.00
D1+D2 109.77~660.38  (242.89+111.65)b 45.97 0.00 0.00 50.00 40.00 10.00

D3 53.98-576.50  (213.25+111.29)b 52.19 0.00 6.67 50.00 36.67 6.66
D4 162.21~895.81  (401.462208.13)a 51.84 0.00 0.00 16.66 46.67 36.67
D5 19256-910.75  (401.822197.99)a 49.27 0.00 0.00 6.67 53.33 40.00
D3+D4+D5 53.98-910.75  (338.84+197.23)a 58.21 0.00 2.22 24.44 45.56 2778
AL E 53.98~910.75 300.46:+174.34 58.02 0.00 1.33 34.67 4333 20.67

W FFIARNG FRER LR A 2 578 guih 2% 5 L (P<<0.05).
2.0.3 4E4ELL 4.32~86.35, M 719.31. Hrh, BHEEMEELLK

- 438 T 2 1 22 A Y KB A B e T e 2 T5M) L1 51.67%, 4bT-5~1070 [l i 0d B g
KNSR, ESICE Y. R 33.33%, FiEEL K T10M% L% 565.00%; FEBHEE
FURBME, YIS MRS A 5~10f PSBRELAR TS 3% 52.22%, AbT i v FE ) 0
ERTEER, 551 REBEEI RIS, hiksnar&n, W 1528.89%, B KT 10.00/% 3% 68.89%.
e 2R R A 0 X O 08 4 b R A B L I YE T
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Table5 Calcium to magnesium ratio and suitability distribution of tobacco-planting soils in typical rice-tobacco area of Hunan province
] 3568 EL3 LM ) TR 1%
Tz LS KE R % A 5 R EU%
<5 5~10 >10
D1 5.29~64.02 (18.61+16.75)ab 90.01 0.00 43.33 56.67
D2 4.90~72.00 (21.04+18.48)ab 87.83 3.33 23.33 73.34
D1+D2 4.90~72.00 (19.83+17.53)ab 88.40 1.67 33.33 65.00
D3 5.85~86.35 (26.41422.91)a 86.75 0.00 23.33 76.67
D4 5.21~40.67 (15.5549.34)b 60.06 0.00 33.33 66.67
D5 4.32~36.10 (14.9649.11)b 60.90 6.67 30.00 63.33
D3+D4+D5 4.32~86.35 (18.97415.96)b 84.13 2.22 28.89 68.89
o~ 4.32~86.35 19.31+16.55 85.71 2.00 30.67 67.33
e FBIARNG R R L2 0 2 57 A G2 2 X (P<0.05).
WRREEC, PHEE LA EOR s B E e T

2.2.4 HHEFAR
F 6T A1, 5 R ST ARG AR R XA A 3 4
JEA WU T B4y $0N25.63~132.51 mglkg, HIMEH AN
58.59 mg/kg, AFF REN36.41%, EHELR, 7F
0~40 cm-- 2 (0], 3 R0E T &5 B 2 1
<6

EHHEZ . Hd, PHES T 5H 8 & 05
AL T R A K DL b, AT AR R K1) 4796.67%:;
ERHAE B 3G AR & 0 B T R KPS
40.00%, Kb /KP4 60.00%, 35513 B
JEAE 7= 111 S48 (16.0 mg/kg)iel,

A ARBERRERDRAARRES R HEREE S

Table 6 Mass fraction of effective sulfur and suitability distribution of tobacco-planting soils in typical rice-tobacco areas of Hunan Province

A R T 7 S BRI %

ARG B e 2/ 2
2 (o kg) (mokg)  FAge <500 >500~1000  >1000-2000 >2000-4000  >400
mg/kg mag/kg mag/kg mag/kg mag/kg
D1 50.68~113.29 (80.79419.72)a 24.41 0.00 0.00 0.00 0.00 100.00
D2 34.66~132.51 (69.97419.53)b 27.91 0.00 0.00 0.00 6.67 93.33
D1+D2 34.66~132.51 (75.38420.21)ab  26.81 0.00 0.00 0.00 3.33 96.67
D3 26.79~85.92 (54.00+14.41)c 26.69 0.00 0.00 0.00 23.33 76.67
D4 30.29~69.02 (43.8549.94)d 22.67 0.00 0.00 0.00 43.33 56.67
D5 25.63~71.94 (44.35412.64)d 28.50 0.00 0.00 0.00 53.33 46.67
D3+D4+D5 25.63~85.92 (47.40413.19)cd  27.83 0.00 0.00 0.00 40.00 60.00
4 )F 25.63~132.51 58.59421.33 36.41 0.00 0.00 0.00 25.33 74.67
W FFIARNG R IR bR A 22 53 A 4e vl 2% 75 L (P<<0.05).
23 HEHENBEEERLIEYFETETRESHES x7 HRAARNEERAXERTIERETERES N
. SpHEIHEX A
PHEYE B °P .
Table 7 Correlation between pH and mass fractions of
2.3.1 #E] %'}ié]\#ﬁ'éé{ % medium elements of tobacco-planting soils in typical

HIERTRI AL, a2 F, R SRR (R X
FELNR ST H 495 i 70 305 pH AR 2 IEAT R,
A R R B pH AR DU R, T A 1 B
RS pHITE B AR FEBHE IR, Rk
M & TR 86 EARPHER, ot A
RSt S5 238053 ol 5 pH SR 3 LR 2 R OG, TT
AL AT Ji L B pHIN T 35 AR S

rice-tobacco area of Hunan province

TLHRRE S B S pHIAI R R A

R T
D1 0.582** 0.181 -0.377*
D2 0.629** 0.325 —0.360
D1+D2 0.597** 0.144 —0.367**
D3 0.301 0.374* -0.419
D4 0.452* -0.278 0.114
D5 0.157 —0.360 —0.425*
D3+D4+D5 0.077 —0.305** —0.241*
L+ E 0.374** -0.001 —0.461**

T **, *RRIRIRTE0.0L, 0.057KF L E A K
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Fig. 1 Relationship between the mass fraction of medium elements
and pH value of tobacco-planting soils in the typical rice-tobacco

area of Hunan province
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