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The analysis of relationships between the contents of nitrate and nitrite in flue-cured

tobacco leaves and the soil nutrient conditions
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Abstract: Nitrate and nitrite in tobacco leaves are the precursors of tobacco-specific nitrosamines ( TSNA). All the factors
influencing contents of the above two precursors would affect the formation and accumulation of TSNA. In order to produce high
quality and less harmful raw tobacco leaves, it is of great significance to reduce the TSNA content by controlling soil nutrient-
supplying conditions to moderate the accumulation of nitrates and nitrites in tobacco leaves. The multivariate analysis was done on
the relationships between the contents of nitrate and nitrite in flue-cured tobacco leaves and soil nutrient contents in Hunan
tobacco-growing areas. (1) The correlation analysis showed that the contents of nitrate and nitrite in flue-cured tobacco leaves were
highly positively correlated with the amounts of main nitrogen-containing nutrients (including total N, alkali-hydrolysable N and
ammonium N) and soil organic matter, with a higher coefficient for nitrate. (2) The cluster analysis showed that the higher the
amount of soil organic matter, the higher the contents of soil N-containing nutrients (total N, alkali-hydrolysable N and ammonium

N) and the leaf nitrate and nitrite, indicating a direct influence of high soil organic matter contents on the soil N supply, and
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consequently the accumulation of nitrate N in tobacco leaves. (3) Discriminant functions, built by the cluster analysis based on
the contents of nitrate and nitrite in tobacco leaves of different class levels, could be used as a reference to judge the nitrate N
content in tobacco leaves under different soil fertilities .

Key words: flue-cured tobacco; nitrate; nitrite; soil nutrients; multivariate statistical analysis
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0.940"" ), B2 MB/NERBE(, =0.498) K | RHHXRBHTLINAXEE SHAZRESHEX
EBI65.37% 2 RRMARETOEHAXGEESHATRESAXGEEM 34.63% . HIL, X5 154
MEARFRBETANEEL LR TXHATRBMEXHERFL

B T B8 #3758 900 2k BE 3 R R, S ELHEAT L4 B Bl EMHRESRS RS NADEXIH
ﬁ,ﬁi%ﬁﬁﬁ?ﬁ%&‘]ﬁﬂ ,?:ﬁ?ﬁ x'ﬁ ﬁﬂ*ﬂ?&ﬁﬂ Table 1 Canom'cal' correlation analysis of nitrate contents of flue-cured
m HBRGERERBERZANMERY 0. % Forrrmce
RO F 2, ME 2 WAL REFANT, THE [ Coronicalcomelasion 00X T oodom P value

FFE(P) BREW)  BEKF()

coefficient
A B WA BA 0.940 160.84 34 0.000
u, = 0.356x, + 0.040x, + 0.621x, — 0.337x, - 0.498 18.50 16 0.295

0.040x, + 0.182x, + 0.465x, + 0.128x; +
0.034x, — 0.138x,, — 0.129x,, -

F2 RITRANSRUTREXLHRNAXAY
Table 2  Canonical variables and their correlation coefficients with

0.026x,, + 0.001%,, - 0.089x,, — related traits
HAEIFR]T REFR]
O'lsoxls +0. 178x16 B 0'072xl7 HEAR Canonical variable Canonical variable [I
v, = 0.993y, + 0.121y, Traits A, =0.940" " A, =0.498
EXFBRBEEKFHE 1 WREUTE (u,,0,) l T - i

xy 0.356 0.614 -0.181 -0.254

POl u, SEEEE » WHXRBATR, 5118 0 0.040 —0.171 0.425 0.664
% 0.621 0.859 -0.209 0.002
SR (%) AR (x,) BER (x) A (2, ) FE N o357 o107 o310 o 312

BEMIEME, HRXRED 7K 0.859.0.837.0.781 xs ~0.040 0.001 0.251 0.098
ﬁ 0.614, u, E:tji pH fﬁ%ﬁf'ﬂﬁ 13 /I\:tj;%ﬁ%ﬁ% x¢ 0.182 0.781 -0.149 -0.013

o 0.465 0.837 0.584 0.398
BRI RN S8, 8w, THEN o 0.128 0.023 0.019 0.006
FERATHESARESNEIR K DNNEEER, e _g'(l)z: _g'gz '2'?2(7) 'g'g;;
BB + 4 1 R R S B A HLR A B o —oam  —oon 0,03 0.051

,u GEHEBE MM BE, R, SHKRE I -0.026 -0.183 ~0.120 0.041
X3 .00 . . .
() EMBE () WEBBEEETRMERE, o oon oo oo

X R BRI A 0.997 #1 0.762, B It v, AT LIFRME K xis 0.150 ~0.067 -0.091 0.097
HWATHEN BRSNS HR, X—RHEas e OI® o 06 0.2 0.02

%7 -0.072 -0.146 -0.162 -0.054
HHEESARSRANESR5EY (1) MM L L
ARMXATY, HEFTES AR SNES TS R ” 0.993 0.997 0.607 -0.079
@uﬂg}[)ﬁﬁ@ﬁggmﬂgo Y2 0.121 0.762 0.794 0.647

AR (0 )WHARRABARBMTE I ABUER, CEERYT + pH A (x,) BHRA(x,)F
B (x, )X E AR ER & & (y,) BRI, H — KKK B B EKFE,

Hfolsty, RATRE S CF A1 X,F 42 BIEAT 00T AR AL & B 5 + 9 40 2 IR0 ST AR 26 4047 FTAB 5 B 5 |
& B,F (TS REAR B, HAKR,
2.2 HMHREBETRSERIAFSREINESENRL NN

FERBAAR AT ERE R AR R SR (x,) R R (x,) HEEE () B PUE (2, ) AR E R
FRRREE (y)) JERERRER (1) B 6 BT RE SN, AR SSEM RN BRERSITE 3,

3FEFRBEMHERIGARE LR 6 THRGGH SRR/ HNE B E3 L, NPRERTR, FRIS%
FEan R TR S BN PR RN RN CF>B,F> X, F s F—XBEMRE S RORE
EXMMNATHBRETEMEELZ EMMESRMNERER, AR ES LIRS RHS REEEHEE X,
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TG B,F 5,55 1| KA MRE: MM SERILMMNMN L EAVE . 28 BREATNESEAN
SEVMAER, X —LKBER S ERBREA BB 22.08% ; B KRS THRESEPENER G 41.56%,
BRBHEMNN T EEIE 28 BRANESEANSBEYAIPE, A B UHRE S BREOER L
36.36% , ZABMUEN T BAVNEAFTESARIN TR UHARMK, BH GF 58 B,F KAEMER.
B XL FRPERBNTMRE SR (1.350g/0) RBAR LB LRI S & (1.46pg/g) BAKS , L 5H M B,F
A CF M3 AN (E) MRS ERENEE, AN RS BFRSAANENS E— R
BHo

%23 HEHRMBRESBRSLHLIAFEIBREASFLER
Table 3 Cluster analysis of nitrate contents of flue-cured tobacco leaf and several soil nutrients

o AR Wik L1275 AR 28 W R BEER
B 2% 51 . o . : -
Sample Group Num. of Nitrate Nitrite Organic matter Total N Hydrolytic N Ammonia N

sample (mg/g) (pe/e) (g/kg) (g/kg) (mg/kg) (mg/kg)
¥ High 17 6.89+1.74 4.85+3.75 44 .22+ 7.85 2.78+0.63 283.87 £35.86 23.2+8.27
B,F $ Medium 32 5.93+1.26 4.01+3.04 38.29+11.36 2.6410.48 208.22 + 16.93 19.00+5.21
& Low 28 3.96x1.57 1.87+1.44 28.47+8.34 1.87+0.56 144 .6 +24.08 14.61 +3.45
® High 21 8.66+1.82 7.56+£3.72 46.74 £ 11.53 2.86+0.45 263.99 +20.64 23.4216.72
GF  Medium 30 7.19%1.52 5.97+3.39 41.06+9.10 2.41+£0.53 201.93+16.3 16.44 £ 5.46
& Low 23 5.62+2.58 3.641+3.27 35.5+12.97 2.02+0.74 141.75 +23.49 14.05+ 2.86
¥ High 20 6.25+£0.79 2.9+1.58 46.95+9.04 2.99+0.48 264.35+21.11 23.85+6.60
X;F $ Medium 35 4.79+£0.87 1.35+1.34 43.08 £ 10.56 2.39+0.48 195.17 +21.24 18.54 +4.08
& Low 16 2.26+1.32 1.46+1.63 26.26+6.47 1.61 +0.48 127.02 + 18.86 15.73+7.56

SEFR, —-BAENESEREHLE, K2R BRE ES RS EM B R RE MRS
BHER, EALFAVRSBEORME, EERW T T RERKOMLDRA, s MR w7 SR (HRE T
WRE)WSBAKE, EAVESERRKEE, ARERPERTRERERMNLL, (LR LT
MBI R E R, AR B R AERR ERLESEHRESBEER K2 TR, BR. M4
BELA EBANELEANEASAR SRS IR E AT HNET R SR AR NOHERES
B, ANBEEENEFAREROATER.

MNEEDHERNE P AR 3 ADRBZEFETIHTEDN, TUAE (KR 4) 6 TUBIRHIEKE T YAR X
THURE DT, F EBBER 19KWREZKTE, HALBERK, REXEREGHEKN,

24 AHRBESRS LN IMFIRESFLERNFTLELN
Table 4 ANOVA for identifying cluster analysis results of nitrate contents of flue-cured tobacco leaf and several soil nutrients

S _ 2516 Between group HLIR Residual error F {8
F8 45 Index
Sample ¥ MS BHE df ¥ MS HEE df F value
WAL LR Nitrate content 52.12 2 2.22 74 23.51° "
MM ERBLEE Nitrite content 56.58 2 7.68 74 7.31° "
B,F T A HUE Organic matter 1452.57 2 92.71 74 15.67°°
12X Total N 6.20 2 0.30 74 20.93" "
T B A Hydrolytic N 103710.18 2 609.78 74 170.08" *
1 &S K Ammonia N 403.02 2 30.52 74 13.21" "
M WAL ER Nitrate content 50.96 2 3.95 n 12.92"*
YO AWML Nitrite content 86.44 2 11.93 n 7.25" "
A HLE Organic matter 693.71 2 123.40 71 5.62° "
C.F T+ 2% Total N 3.96 2 0.34 71 11.64" "
1 HEB A% & Hydrolytic N 82060. 56 2 399.61 7 205.35" "
1 AR Ammonia N 566.94 2 19.66 7 28.84 "
M WAL ER Nitrate content 71.59 2 0.94 68 76.06"
YO AWML Nitrite content 18.60 2 2.19 68 8.50" "
T HAHLE Organic matter 2155.49 2 87.85 68 24.54" "
12X Toal N 8.55 2 0.23 68 37.62" "
X,F
T A A Hydrolytic N 84418.50 2 428.54 68 196.99" *
1 A B Ammonia N 318.84 2 33.12 68 9.63" "
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2.3 ETHHAENERSEFH#HITHNHERE S %5 Fisher X BMMRY
B 103 9 47 Table 5 Coefficients of Fisher’s discriminant function
25 Grou
ERBMEMBELMFOER L, RARR SN B8 I ™

Sample

THENE () 28 (%) HEZA (2,) MEBER TR ( ) High  Medium  Low
rganic matter{ x, . .286 0.217
()4 S4B 7 X4 ARRH (O ) R Bt &5 B 1 A 17 2 o 0200

T2 % Total N(x;) -1.523 2.0  1.309

N4 ¥r . PR Fisher #| 9B W H TR R G R B,F HEER Ammonia N(xg)  -0.274 -0.248 -0.112
. 1 WM R Hydrolytic N(x,) 0.493  0.324  0.219

FIFES, R —AEFRNETHES, TRIEE 2B Constant 231 - 40.660 - 20.408
EEAKFEN I REINERETESER M (LB TMABUR Organic matter(z;)  0.265  0.244  0.200
A EMESE . LEMAE) HER, RA LET R ERER Toul Nix) TO.Ma -0.05 0715
. . CGF 5% Ammonia N(xq) ~0.426 ~-0.405 -0.174

WE Y EEEEREATRERS Y HERRHHE— +MBAMA Hydolytic N(x,)  0.695  0.536  0.355
%, TR 20RE & (TE ) RS MR AL & B0 BTJR 25 51 (/5 # BT Constant ~93.422 -36.791 -29.310
. ) TIWAVLE Organic matter(x,)  0.275 0.298  0.151

oK) . BESL A IREH B W AT O AR E M R AR Totl Noxy) s el 2578
B SENBREESE, X,F 1 3WE 5 Ammonia N(x4) ~0.843 -0.596 -0.212
3 INgEFRitie TIRPER R Hydrolytic N(x;) 0.707  0.509  0.302

BB Constant ~96.488 -55.161 - 22.701

(D) MBIARX DT REY A R THR

BERSLMEB SRR (LMAR LEFRA  LRESI) RENRS ROXERY, 5 LW HH
SRMAMEIEN . B—IBHXRI(A, =0.940) 58] 1904k B E KT, A MRS & FALRE S
KSR 65.37% 5 T HAMERR (A, =0.498) MR BB EAT, KBME—FHWEN, BELRER
Fe 4 RA LR A R BRI A () B 0 o A Bt 2 T80 0 8, 3K 15 10 LU T 0 167 304 36 407 45 SR —
5, WEMXMIERY, LRSS ARAREIES RSB RS S EXAN TR TR S EMEK
A RMX, TR R T TR S ERE MR HRN,

(2)7E S RIAA S SRl b BT AT O KA R R, RASSE S R AR TN 3K, 5 1| K%
SRS (R TR ) & R B A £ A (2R R RS R AN S R Y
B2 MM A RS BRI MR LR R RN ST 5 3 KON S RS B R
REAOHE LA A R, AR SRR AR B TR R S BTN R B CF > BF >
X,F MRS RF 2 SIA8 b, A LR & B 00 408, 35 1 390 & L B 0L 75 L 0B L TR O 1 o S
i TR S B LR, WO A LR BB, ELE N T R R RO L, T TR A A A
ROBR. B, BEOEELE HENERSARM NS BAEIR, S TR ERRENT S, Bk
T BE A R AL TR R S R RS AN T S . RS R 7 L AUR RS R
e BRI I E B AR 7 SRR R B R AL A B R — R, TR O 3 A G E A 0 3 4 B R R
MR KRB RA BB NRSER.

(DBBERK TGRS T AR % SR B TR R & 8 B8 04 515 8, 774 R 7 25 4 ot
MARSBRERA LN AGTEXNANEE, EXHMAT, S0 NEAT SRMEN R &, T2
M5 LT 40 4 TR B 10 R LR 2 DR B S L R A AL B 5 B, ) B B S A, B
A RE B IR TR iR & () R MRS S BB IR OB R K 9o o A O S ARt TE A MR 2h & B 7E B0 5
HERBEAFE ENER, FUSZHESIFER AR BB VK4 FEIER X% K% H T B HE,
T TR M7 R T B R LB AR,

BUR T B4 02, A BF A0 £ 395 A B0E T EOM T 0 5 X O 4 R 0 S 7 YR EL R A e
2P 5 5 KR B 0 RO R S O BRSSO AR R 4 30 X PR B —
MES. KERBEEFSENRRE—STRAEE.
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