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Effects of Different Cultivation Measures on TSNAs and their Precursors in
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Abstract: To reveal the effects of different cultivation measures on TSNAs and their precursors in burley tobacco, an orthogonal
experiment was conducted with different nitrogen application rates (210, 255 and 300 kg/ha), topping time (topping at buttoning stage,
topping at budding stage and topping at initial flower stage) and BSM doses (0.1, 0.3 and 0.0 umol/L). Contents of TSNAs, alkaloids
and nitrate nitrogen were analyzed. The results showed that nitrogen application rate was the main influencing factor of the contents
of TSNAs, alkaloids, nitrate-nitrogen and nitrite-nitrogen. Contents of TSNAs and their precursors of upper burley leaves were lower
at 210 kg/ha nitrogen fertilizer. Topping time had an extremely significant effect on TSNA contents of upper leaves. When topping at
budding stage TSNA contents were significantly lower than that of topping at buttoning stage and topping at initial flower stage. The
contents of TSNAs, alkaloids, nitrate-nitrogen and nitrite-nitrogen with BSM treatment after topping were lower. At the conditions of
this experiment, the optimal combination to reduce TSNAs is 210 kg/ha nitrogen application rate, topping at budding stage and 0.3
umol/L BSM.

Keywords: burley tobacco; nitrogen application rate; topping time; BSM; TSNAs

Burley tobacco specific N-nitrosamines, TSNAs
t tobacco- (2] N- NNN
“ TSNAs 77 201304 “
TSNAs 77 JH-04
1990- E-mail 1012791799@qq.com

* E-mail xscheng@ustc.edu.cn

2016-06-14 2016-12-29



2 TSNAs 15
4- N- -1- 3- -1- NNK 1
IARC I 3] Table 1  Orthogonal design table
A / R C BSM /
TSNAs kg-hm™ pmol-L!
TI-AIBICI Al1-210 Bl- Cl1-0.1
T2-A1B2C2 A1-210 B2- €2-0.3
Conkling!¥ T3-A1B3C3 A1-210 B3- €3-00
T4-A2B1C2 A2-255 Bl- C2-03
T5-A2B2C3 A2-255 B2- C3-0.0
TSNAs (5] T6-A2B3C1 A2-255 B3- Cl1-0.1
T7-A3BIC3 A3-300 Bl- €3-0.0
TSNAs T8-A3B2CI A3-300 B2- C1-0.1
TSNASs T9-A3B3C2 A3-300 B3- C2-03
(6] TSNAs
1.3
2014 4 25 1200
TSNAs
/667m? =< 1.2 m>0.5 m
TSNAs
(5-10] M(N):m(P205):m(K>0)=10:10:28
BSM
TSNAs
1~2 h BSM
TSNAs
16~18
1
1.1 1.4
2014 YQ/T 29—2013 -
31.27°N 107.7°E 545 m TSNAs YC/T383—2010
147 C - NO;5 -
1199 mm 0.3 hm? N NO,-N -
1 pH 6.50 [14]
12.69 g/kg 135.0 mg/kg 95 s
mg/k 110.0 mg/k '
gke gke SPSS 17.0
Bionics Signal Molecule BSM
2
[11-13]
2.1 TSNAs
5% 2
1.2 NAB NNK
Lo(3%) NAT NNN TSNAs
A B BSM C Al 210kg/hm?> A2 255
9 1 3 kg/hm? 4  TSNAs A3
27 120 300 kg/hm? Al 4 TSNAs
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Table 3 Contents of alkaloids under different treatments mg/
TSNAs B2 g8
4 TSNAs Bl Tl 5.81fE 021aA  227abAB  33.27bcdBC 41.56bcdBC
™ 5.51hF 0.18bcAB 2.04cdC 30.38dC  38.10dC
B3 NNN NNK TSNAs T3 5.63gF 0.21abA  2.05cdC 32.52cdBC  40.41cdBC
T4 5.88fE 0.14dBC  2.14bcBC  34.29bcdBC 42.45bcdBC
Bl B3 BSM 4  TSNAs T5 6.23dC 0.14dBC  1.75eD 37.32bAB  45.44bAB
T6 6.07eD 0.14dBC  2.00cdC 35.75bcABC 43.96bcBC
C2 4 TSNAs T7 6.60aA 0.15cdBC 2.36aA 41.50aA 50.62aA
T8 6.34cBC  0.13dC  1.78¢D 34.59bcdBC 42.84bcBC
Al1B2C2 T9 6.48bAB  0.13dC  1.98dC 37.46bAB  46.04bAB
A1210  5.65¢C 0.20aA  2.12a 32.06bB  40.03bB
TSNAs NNN A2-255  6.06bB 0.14bB  1.96b 35.79aA  43.95aA
A3-300  6.47aA 0.14bB  2.04ab 37.85aA  46.50aA
NNK Bl- 6.09 0.17a  2.26aA 36.35a 44.88a
B2- 6.02a 0.15a 1.86cC 34.09a 42.13a
) TSNAs B3- 6.06a 0.16a 2.00bB 35.24a 43.47a
) Cl1-0.1  6.07aAB  0.16a 20la 34.54b 42.79b
Table 2 Contents of TSNAs under different treatments pg/g C2-03 59558 0.15a 2.05a 34.04b 42.20b
NNN NAT NAB NNK TSNAs C3- 6.15aA  0.17a 2.06a 37.11a 45.49a
Tl 1256dD  3.17dD 0.12dD 020fE  16.06dD
T2 9.15iH 2.24¢G 0.08¢G 0.17hG  11.63iH 23 NOs N NO,-N
T3 13.50cC 3.73¢C 0.14cC 0.25¢C  17.60cC
T4 10.43gG ~ 2.54fF 0.10eE 0.19¢F  13.26gG
T5 9.38hH 225G 0.09fF 0.19¢gF  11.91hH
T6 16.40bB 4.75bB 0.17bB 0.28bB  21.59bB 4 NOs;-N  NO;-N
T7 23.58aA  6.76aA 0.25aA 0.44aA  31.06aA 5 -
8 10.75F  2.99¢E 0.12dD 022D 14.07fF Al 210 kg/hm NOs;™-N
T9 11.21eE 3.03¢E 0.12dD 0.23dD  14.61¢E ,
Al210  11.73b 3.05b 0.11bB 0.21bB  15.09b NO>™-N A2 A3
A2-255  12.07b 3.18b 0.12bAB  022bB  15.59 NO;-N B2
A3-300 15.1%8a 4.26a 0.16aA 0.30aA  19.92a
BI- 15.52aA 4.16aA 0.16aA 0.28aA  20.13aA NO;™-N NO,-N BSM NO;™-N
B2- 9.76bB 2.49bB 0.10bB 0.20bB  12.54bB _
NO; -N C2
B3- 13.70aA  3.84aA 0.14aA 0.25aAB  17.93aA
C1-0.1  1323aAB  3.64aAB  0.14aAB  0.24bAB 17.24aAB Cl C3 C2 Cl1 C3
C2-03  1026bB  2.60bB 0.10bB 0.20bB  13.17bB O O A1B2C2
C3- 1549aA  4.252A 0.16aA 0.29aA  20.19aA NOs-N NO2-N B
0.01  0.05 TSNAs
2.2
4 NO3;-N  NO2>-N
3 4 Table 4  Contents of NO3™~N and NO>™-N under different
treatments.
NO;-N/ mg-g! NO,-N/ pgg’!
Al 210 Tl 3.01eEF 123.02eD
5 ) 2.92fF 108.52fE
kg/hm T3 3.36bBC 114.00gE
T4 3.13dD 130.10dC
A2 A3 5 3.10dDE 141.07cB
B2 T6 3.39bB 136.52¢B
T7 3.51aA 156.99aA
TS 3.28¢C 151.17bA
BSM T9 3.40bB 153.05aAb
2 Al1-210 3.10cC 115.18¢C
A2-255 3.21bB 135.90bB
Cl C3 A3-300 3.40aA 153.74aA
s Bl- 3.21bB 136.70a
NNN B2- 3.10cC 133.59
B3- 3.38aA 134.53a
C1-0.1 3.23bB 136.91aA
A1B2C2 C2-0.3 3.15¢cB 130.56bB
C3- 3.32aA 137.35aA
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2.4 TSNAs B TSNAs
5 NNN NNK TSNAs
NNN NAT TSNAs
NO;™-N NO,-N [15]
NAB NNK NOs~ TSNAs
-N NNK NO;-N TSNAs TSNAs
NNN NNK NNN NNK
5 TSNAs
Table 5 Correlation coefficients of alkaloids, nitrate and TSNASs
NO;s; -N NO;, -N
NNN 0.446* 0.031 0.599** 0.567** 0.592%** 0.697** 0.400*
NAT 0.466* -0.003 0.543%* 0.560** 0.585%* 0.743%* 0.424*
NAB 0.508** -0.036 0.527** 0.593** 0.618** 0.754** 0.466*
NNK 0.568** -0.094 0.491** 0.640** 0.664** 0.769** 0.523**
TSNAs 0.455* 0.019 0.586** 0.568** 0.593** 0.710%** 0.410*
* 0.05 **0.01
3
(6]
[1]
TSNAS [5.7-8.16] TSNAs TSNAs
[9-10]
4
4 TSNAs
TSNAs 4 NOs;™-N
TSNAs
NO;-N
210kg/hm>  TSNAs TSNAs
TSNAs
[71
NOs3;-N  NO;-N
TSNAs 19 BSM
TSNAs
[17-18]
[11-12] BSM
[13]
TSNAs

TSNAs [14,20-21]
BSM TSNAs
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