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13 2,3 : 1 1 2yl ~mwl szl b onl -2, 3%
HER, R OGRS, A& B, BREF, FRN, WEH, S, TG, &
(1 ZEEMEA R EBENARIEITAT, SEEIT 6525005 2 3054 Al e & i 4 [ 1 5 Se i s (b E RN B 50 RIS,
AL 211135; 3 HEPBlERE RSP AERE, dbaT 100190)

W OE. LA R LT A X TS S, YeE 107 AR, JHEE T T R T R R T A S R
Fatr, FIHHHEHAL TR & & 576 00 B =2 (B OB R B A AR AT PPN A, B S0 L (5 AR DT 2 A LR G BRAR 2
MR SEHE , 30T T IR0 R AR IR A ROR R SRS . 5 SRR AFTR X IR S A e Bl A R
AN EEAE S 103,75, 59.72 T 195.72 mg/kg, AR G EE N 3.68 mg/kg; MM & hIk 26.1 g/kg. KA HEEARL
BEETEIGIN, HIEAOTRAR AL, S, SCHMEES . BE, AU . B AR S A S A R L E S R IR ST R, EESRTE
RATBGE . LSRRI T XA X0, BRI, (HEA R RN TS . 4. SR e R M, b T R R
HIRRER , XEUR ) B B g . BRI, A SR AR SRR e ARG % 3 SRR AR -t S AR AR AR A, R ALAERE AR
DA A XA
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Effects of Soil Nutrient Unbalance on Quality of Tobacco Leaves in Typical Tobacco-planting

Area in Fuxian Lake Basin

XU Yongxian', LIANG Qiang™’, QIAN Pin', CHEN Zhiging', ZONG Tongkai', SHUAI Jingtong', ZENG Xuejiao', WANG Huoyan?,
HUANG Biao™*
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Laboratory of Soil and Sustainable Agriculture, Institute of Soil Science, Chinese Academy of Sciences, Nanjing 211135, China;
3 Sino-Danish College, University of Chinese Academy of Science, Beijing 100190, China)

Abstract: The tobacco-planting area of Chengjiang City in the northern part of Fuxian Lake Basin was taken as the object, 107
typical tobacco fields were selected, topsoils and C3F tobacco leaves were sampled, the macro-, meso- and micro-nutrients of soil
and the elemental contents and quality indexes of tobacco leaves were determined and compared, and the ratio of soil other
nutrient content to available phosphorus content was used to evaluate soil nutrient imbalance. The results showed that soil nutrient
contents were generally high, the mean contents of alkali-hydrolyzable nitrogen, available phosphorus, available potassium, and
available copper were 103.75, 59.72, 195.72, and 3.68 mg/kg, respectively, and the mean content of potassium in tobacco leaves
was 26.1 g/kg. With the increase of soil available phosphorus content, the ratios of soil nutrients, such as alkali-hydrolyzable
nitrogen, available phosphorus, exchangeable calcium and magnesium, and available copper, iron and manganese, to available
phosphorus showed an exponential downward trend, indicating a serious soil nutrient imbalance. Soil nutrient imbalance
increased the contents of nitrogen, potassium and nicotine, but significantly decreased the contents of copper, manganese and zinc,
and reducing sugar in tobacco leaves, thus significantly impacted the quality of tobacco. In the future, for the improvement of the
quality of tobacco leaves, accurate fertilization should be applied according to soil nutrient imbalance status and the changing
characteristics of tobacco quality.
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TE T — O th T AT A0 22 JEOR i
SRR AL TR, 7 SR A R b AL A e
BOR, UHEANEMBEE, SETEPAIR LA .
WAy IR AR R0, IS AR e R AR E
AR AN . IEHHBE A SRR, A 2 1
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A RELAR S ARt B R, ARMEPEY LS - Ik
RSB U TR on R WL AT, TR
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W, SRR AT EREECIR
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1.1 HREEER

AL, LT HRAACES , bl
R I WA X, PR 16.5°C, H4AFEH
P4 2 141.8 h, HAEFE/KE 900 ~ 1 200 mm. VLTI
FEA M. HIA . WA 3 RS, X
73.42%, K4 18.16%, WX & 7.97%, BHRNT
1327 ~2920 m, HHERMLILIEGSS32%) N F, H
UM TR 2540 £ (13.52%) . 7K R 1 (7.29%) Fil 7 1
(4.62%), A F /b 2T A K 1 (0.49%) Fl i B+
(0.14%) o ASHIFFE VLA P VT T A7 T B A Jp A A 6 322
B XA E MR X 4, AFSEIX IR A2 1130 hm?,
A T R KRE . H T P AR A 1 R 2
860 hm®, 5 AHRo Fh JFOR A S B Rl Mok . JFORAY
S SR — AR 304E DL L {H A 2018 4E LK,
TR KSR A A= S ER B , BUR B Rli£E5 ] Ak
RAFIEEE M, BT NEE S e JE % AR
1.2 H@EEESHH

2022 AFETENE MRAS AR At AE AT X ST IX 24T T 4
e R, T T AT RN %43 (0 45 (8] 43 A
RBL, PPN TR IR RN, AT AERT )
T HERAE LA T, 5001 107 S SRV A T
IR G R AR A R AR IR UL S5 SOk
[4]c HARRESLRAESERL T 2023 4F 7 H 1 8 H £ AL
P, FERRS BRI, SR AT AR R A,
Frica ks, BUEJS C3F FI B2F MMHRESL 4% 1 ke,
Bt fLAR 2 mm i, B TROMEELEN, HREA
eSO, WG BARSE, EIR N ORAE, R,

R S TR AR B s iR Ak A
M, CMRERE-ERNG & B, 24,
HIRTRP RN AT WU AL, B ok AR
W, WIRE NIRRT U, LR
B JIAOCEE T, ARk, . WREE, —2Hk
M LR (DTPA) IR 42 —HU B & 5 5 F IR R T &
S

I S AT A B LD R T i < A R A
i R B R FDSUSRUK I AL, T A R L G k)
ER SR, PRI e RS R, KB
W o & &, G S IR E TR SOLIE
(ICP-AES)ILM e . k. M. FFoR &8, 80
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BRI E T s S B Y, SR
EER 000 A gy 10
1.3 HERESHHF

K JH SPSS 21.0 T8 A- SR -4 5 1) B A e 1
FROE, GFETIME . brfizs . R 2180 R InBE
S WEFERE, BRSEFPAT RE T, BE A S [R] 1
) | w2 E ¢ s N ) | RS N A N S
FH A IR & i 5 B0 & i E (AR S R4
RATRIFERR, B8 LIS KA ; IFE A 45
FOAE 55 AR 5 B S B 8 B AH DG, 2 br £ 3532k
XA b B )5

2 GRS

2.1 TEFHSERFBE

MFREERILE, MRXEELASTENT
0.50 ~4.30 g/kg, F¥IN 1.67 glkg(F 1), Bl fndk
AREIERNG, B5RRE VAR Bl
Ao B AE BV, 1E 23.69 ~ 336.64 mg/kg,
44 103.75 mg/kg, FELEEPLE 90 ~ 200 mg/kg,
SR )i =R SR e IR SR VN I L)
Fil, M 13.32 ~ 196.26 mg/kg, “F-HI% 59.72 mg/kg,
A5 S RBORHRT R 5 5 AU o i A A X 4N
7 82.40 ~ 346.00 mg/kg, F-HIME R 195.72 mg/kg, %4
P PEAT RS9 o

PP EE IR, W X 4 RS v A
EOMESE, T 5.52 ~ 63.21 cmol/kg, F¥H
24.59 cmol/kg, HAEMR AT IEA (R 1); 3k
BESEAT 1.15 ~ 8.88 cmol/kg, 44 4.74 cmol/kg,
HE BRI, (HARERS | WL T B2 1
AN, By A T B

X B IR0 R, WY X 4 AU & AT
0.55 ~21.40 mg/kg, F¥IHh 3.68 mg/kg, FHAK T
ARG, (EARME2E | U B8 R B 10 v, s
Ml , AR SRR ZGR 1); ARk
FENT 9.98 ~233.93 mg/kg, “FHIH 48.13 mgkg, H
F ARG AR L, (BRI 2E | 0GR R B 4
B, ARG SIS SN, B oA A
X & F AR AR S IR 22 5 A7 2800 & 2 L el 4
K, N 6.20~50.500 mg/kg, V44 25.13 mg/kg, W
FURBERIN, S B R R IR 2 s A& A
B R, AT 0.25 ~ 12.05 mg/kg, “F10 3.16 mg/kg,
R CEE 53 A5 1 IE R A A LA R T R W,
B RE B

A AR SR 5 R 1 B A AR X I
WA REER BB G TR AES . BB R, KW
XS HARIRE SEAR CRRJE I b T T X 3554y
o a, AR A, Wik T R
Hh R RGO T 4 T 3R 1 1 3 i 1 114 4R A

x1 IBRFNEERESHEYHE S LERITSE®=107)

Table 1

Statistics of soil nutrients and their ratios to available phosphorus

3R bR R e /ME ¥ AR bR 5 RAL 353 i £

2 H (g/kg) 4.30 0.50 1.67 1 0.72 0.43 0.88 0.77

W f# S (mg/kg) 336.64 23.69 103.75 LN 50.94 0.49 3.64 1.28
A W (mg/kg) 196.26 13.32 59.72 it 41.35 0.69 1.66 1.42
T (mg/kg) 346.00 82.40 195.72 EH 62.11 0.32 -0.23 0.53
W45 (cmol/kg) 63.21 5.52 24.59 it 10.96 0.45 2.59 1.16
At (cmol/kg) 8.88 1.15 4.74 fEiay 1.56 0.33 0.44 0.31
A 5 (mg/kg) 21.40 0.55 3.68 AR 2.96 0.81 12.24 2.94
Bk (mg/kg) 233.93 9.98 48.13 iz 41.54 0.86 4.87 2.07
A 5k (mg/kg) 50.50 6.20 25.13 bR 10.06 0.40 -0.53 0.24
3 (mg/kg) 12.05 0.25 3.16 it 2.28 0.72 4.45 1.75
ACa/AP 1.81 0.07 0.60 0.43 0.72 0.37 1.08
AMg/AP 0.40 0.02 0.11 0.07 0.66 1.92 1.33
ACu/AP 0.42 0.01 0.09 0.09 0.95 2.84 1.70
AFe/AP 5.65 0.18 1.02 0.93 0.92 7.21 2.41
AMn/AP 2.08 0.06 0.62 0.44 0.72 1.96 1.33
AZn/AP 0.28 0.02 0.06 0.04 0.66 15.04 3.27

. £ ACa/AP, AMg/AP, ACu/AP, AFe/AP. AMN/AP., AZn/AP 4353 13 Ac k4T | AcHbe i . AAkd . A5k, A

B A E S AR E R ILE; TR
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A A, RO TR A RO &R R
B LR AR S R A R (R 1), 7 0.66 L I,
el ik 0.95, X S HUEA BRI AL ;
FR ACa/AP HYUEFERCARSL , HARRL R, SO H(E %
b, WATA ERBESRT 1, RIILE RN
ML, RIEWES.

TG IR, WP X A R - S il
59.72 mg/kg, PEHAEE LM 15 ~ 30 mg/kg!'". +1%
BRI AE R ZE B ML HTEZ —, HES S5EAE
FARICA DR AL AN B[R] Ak R, XhR 1 8 AR i A
TR A B Y e, KRR AR
g, AN, KR SRR, R
EATE, AGVRLRE, R G R s AR

5 ] A HEAT SO X R P 5 Rt O M) P A
A5 e A BB AR - 9% o0 O M F A A T
AT .
2.2 MAMFRSFRRE RS

5 DA 52 53 F 5 B S8 e T HRRIE A R
F2PR, H, ARSENT 10.6 ~2.35 glkg, ¥
H R 16.1 g/kg, FrmBnEd, 5 RN, G
FREE I3/, AR TR (4 de e U (25 g/ke)!
BEESENT 1.1~ 4.1 ghkg, P 2.1 gkg, 7B5
FREIN, AR R O B A s, iR N B R
FHAT 13.2~36.5 g/kg, ¥WEIX 26.1 g/kg, & Tk
FRARAR & =20 g/kg MPRIENT, H & RN ED,
8 FRB N, U R BE 40N

*2 MWEHFELSMRREITSE

Table 2 Nutrient properties of tobacco leaves

SRR bR BRME R/ME ¥{E P2 5 R W Jig i FE
A (g/kg) 235 10.6 16.1 2.9 0.18 -0.66 0.34
W (e/kg) 4.1 1.1 2.1 0.5 0.22 2.29 1.06
B (g/kg) 36.5 13.2 26.1 4.4 0.17 0.04 -0.35
Hil (mg/kg) 30.94 2.46 15.49 6.50 0.42 -0.56 -0.09
£k (mg/kg) 468.54 84.02 180.32 90.68 0.50 2.16 1.64
% (mg/kg) 75.81 13.68 31.93 12.01 0.38 1.25 0.81
#E(mg/kg) 65.20 12.98 33.75 11.51 0.34 -0.26 0.31
S (g/ke) 365 132 261 50 0.19 -0.53 -0.81
i (g/kg) 299 84 189 50 0.27 -0.80 -0.22
N (g/kg) 40.6 11.6 21.1 44 0.21 2.67 0.06

AT IR, AR DX P 5 2 i Pl o
P&, TF 2.46 ~30.94 mg/kg, FHR 15.49 mg/kg, 4
S RBOERIA, (A0 R B IR INER 2). B
A KAALTEE, 7F 84.02 ~ 468.54 mg/kg,
F¥0h 180.32 mg/kg, AR S RECHHXTALAK, W4 il (i
PEA R . B AR LIEAE 13.68 ~ 75.81 mg/kg, F-
¥4 31.93 mgkg, SEERAEM, BRFRE. EEH
P BEARXS R P2 i AT FEITE 12.98 ~ 65.20 mg/kg,
V7 33.75 me/kg, BEITHRHIES ARG & AE
L, A8 5 RBOHXS RO, (I B2 Rl B 24850

WFFEIX AR S B AR AR e 132 ~ 365 glkg,
BI{Ek 261 g/kg, ZEEIAK, BRREAN, A
—E TR, BAREEERGER 2). MM IR R
T 84 ~ 299 g/kg, “F¥k 189 g/kg, GuilhifiE5 wbE
TR, 5EABEESE 230 ~290 g/kg FIIR OB
200 ~ 230 g/kg S FLVEFEU TR E, BT IX
I T S S IR AR O R B AR AL TR A 11.6 ~

40.6 g/kg, “FH1K 21.1 g/kg, KEAE T8 HE bRk
(20 ~ 30 g/ke) iy F BRI, AR S ZR B /N, ELUAE i 7,
T A AT D (AR RN, M
HA R RO L 43R 8 12,4, REUE TR %NS ~
13.5)f4 FFRIT,

23 TEFSERERRITEM

& 1 A LLE L, AN/AP(HE A/ A R0 ) Fl
AKVAPHSUEN /A R ) I % 1 S8 3005 % 1 (AP)
(10 388 T 2 B 3 %) i R IR A (P<0.001) o X T
ACa/AP Fl AMg/AP, Ffi# 1564 50w & r 3,
12 4% 5 2 (R 4R BT B A 344(P<0.001),

[ REHL, & 2 A[ W, ACu/AP. AFe/AP Hl
AMn/AP i + 565 200 & I m 2R ECTRE, Horp
ACu/AP. AMn/P 5 T 1A 2005 & it S W b 2 fAURH G
(P<0.001), AFe/AP 5 +3EA 50wl & it 5t 1 3 7 AH G
(P<0.05), XRWIKEE T AR magim, 145
R BRI A RN B B, L A
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Fig. 1 Correlations between ratios of soil macro- and meso-nutrients to available phosphorus and available phosphorus content in soils
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Fig.2 Correlations between ratios of micro-nutrients to available phosphorus and available phosphorus content in soils
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T LU PR N I, AR AE I 0 A FR A 0 R R A
RO B AZn/AP 5 347 B0 B B 2 T AH DG R
KR EKT, AR LIE Y, P Z AR — Y
RIKEHR, EIAFTE— e B By 2
24 TEFSKEXTEMRER N

TSR ARG A LU E S R KR o i
HIAHDCHE T4 (R 3)R W, Bk AN/AP F1 AZn/AP 4,
At A5 02 e R B TR DG (P<0.01), 3R
IO S R R A A P] Be  EC A R R
{EARXTT R, R0 U S-S NOOEC, L
AN/AP il AFe/AP 35I| S MR 2 5 i 2t 25 0 A
KHNIEAX(P<0.05), {HAHCRBES)N, R LR
IRAEFALT- X MR- (o 25 RSO M) AN K . 49857 0 S Ak
ORI 2R RS ) s ) R I A R (4 A 1
ACa/AP 545 & i B4 & A E, (P<0.01),
AMg/AP S8 i 5 1 25 A DG (P<0.05), FREHAE
IR AV RO A AR A R0 S AR BB R
A FF R X 2R AR

AN/AP 54 4 5 5 2 1E A OC(P<0.05),
AK/AP. ACa/AP. AMg/AP Fil AMn/AP 54 &

A IE A (P<0.001), FUARER X L5402k
AR BE A IG N,  PX W i2s W  BEEAK . AKVAP
SRR £ 5 B 2 A G (P<0.05), ACa/AP 54
T4 5 et S A B 3 R M 96 (P<0.01), RIS LR
A S HE IR R R, AR FR 4 TC R AR A
RIS A K. AK/AP, Ca/AP., AMg/AP Al
AMn/AP 504 5 5 3 (P<0.05) s i {2 3 1IEAH
F(P<0.001); AZn/AP. ACu/AP Fll AFe/AP S5 HHIM-4¥
P A) 5L I 25 (P<0.05) 3 i) i 3 IEAH 5&(P<0.001), 3
WA TR JC 3R A R A T R 4 . B IR S ELAT A (] ) 5%
e o EARSRE, 3BTRS AR A L A AR
BAMEIEA, XHmE 2k s =8 2R o

R4y T F LA 5 AR TS A ) A s
THCREA M, BIARERI N, AK/AP, ACa/AP,
AMg/AP . AMn/AP 55 - SR 00 5 2 34 52 %
i 2 IEAH I (P<0.001), XU FLIEAYRRAR, e i B
XK, A Al e FEUR MR SRR, AR, X
G LR 5 0 o e SR A S A AH DG (P<0.01 B
P<0.001), X SE50 5 HAE AR, R A AR B2 A3 R,
SEYETAR R B ) FR 2R

®3 TBRAYUSHFS/AUBLESHEHFIFRRSHEMEXRY

Table 3 Correlation coefficients between ratios of soil available nutrients to available phosphorus and nutrients & quality indicators of tobacco leaves

7 = WD 10y 7D (103 o 1 5 D (3114 /SO 1 - D ] o = ¥ & Lz

AN/AP -0.20 0.24"

AK/AP -0.37" 0.39" -0.22" 0.34" 0.44™ 0.41™" -0.34"
ACa/AP -0.26" 029" 038" 026" 0407 0.51™" 0.55™" -0.40™"
AMg/AP -0.30™ -0.23"  0.39™ 0.37"" 0.46™" 0.45™" -0.36™"
ACu/AP -0.35"" 0.44™ 037"

AFe/AP -0.28" 0.21" 0.50"" 0.64™"

AMn/AP 031" 038" 038" 0.36™ 0.28" -0.26"

AZn/AP 027" 0.20"

T *, oF s R RIFIRTE P<0.05, P<0.01, P<0.001 K3 H%,

2.5 itig

TIEAL T8 T T80 725 M PR 80 A T K 22 B0 i 2 b
T HbFE AT R ot T ok SRR A, FioAE s 7 it
MR, 4 (3% 4383l e T — R SO
X A 5 00 b i o B EE B SRR 3 A, FESR SR AR
A it B oL R e 3 A AR P ek K Ay ), HL
FROFRH—, BRI . BARA MU R TT
FHEEORIEZ — (AR TR & A TR TT
F 5 U AR BRI AL R BN, BRI E
iGN R S 14 47 s ) 3 5 AT Sk R VE AR Y
3L, EEERECTAE, SRR REITTEDY
Frim SRR YN K LT, A PRSI

TETC R XA R, R RN AT, R4
PR AL B i T AT RE A E 08 TR Ak, NI 7E— 2 T2
JEE 14 R B TR A A R, (HIX AR TR AT
SRBU/IN , (Rl 8 T REFEAR S B A5 i ST R A A
P, 7Er R Eaerh, Pl TR 5 REITR Z K
I R A G 3

X T2 PRI RS T A O R LU IR
(338, AR R I SRRt AR 0 BE R i 3,
W BATR o SRR R, RSB T R B,
FUHEEIFAS 2, (B ATI R JA X R S A
T, s fEEA T TR AR o X TR A
SRS | A i T AR A IV RO T 8 ) A 0
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IR IRATRS JA 7 3 W IST AR S M2 S ), Ak SR
G DR AR A S5 52 MR LB (A TR A S A
BNE . oAb, (AR IR B A R, N
TR 3BTRS A AR BT JH I SRR 52 ), 4
P AL AC LA AL A , BERSAIESEIX, il 2
RBEALBEA , T AT ORI, S A X4
BRI TT R A B, PRI RT L[] 25 i /b sl
FHk S i TT R AR

3 #ig

32 13 S S i S AR I AR R N D i A A B 1Y
SEMR, PN S FH 3 R 0 R O g, (ELAH S
TREFRE . B BRI, PRoREIRE .
BeL WL OBk HR. FDRIIE LGB, ROt
B Y K PP Rl D0 R A RS A R (R
W A 20 AR I S R BT B, i A S R
I Ay A

- HECH 3 IR 03 S A 23 4R THHE AR SR B
A, RSB IR 0 S A I AT B e e
B H BRI RS 20 HR AR D0 B A RS R A R
R AR R, SRR G BRI
Bl i, BRI R R A T P, AR AR T
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