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Effects of nitrogen rates and numbers of leaves remained on chemical
composition and TSNAs of sun—cured red tobacco

ZHENG Xin' SHI Hongzhi' YANG Xingyou’ YANG Jiguang® LI Jingjing' YANG Huijuan'

(1.Tobacco Cultivation Key Laboratory of Tobacco Industry/Tobacco Harm Reduction Center, Zhengzhou, Henan 450002,
China; 2.Dazhou Tobacco Company of Sichuan, Dazhou, Sichuan 635000, China)

Abstract: Split-plot design was used to investigate the influence of nitrogen rates(low—nitrogen about 195 kg/hm?,
medium-nitrogen about 225 kg/hm?, high—nitrogen about 255 kg/hm?), numbers of remained leaves(14, or 16, or 28, or
20 leaves each tobacco) and their interaction on the chemical constituents and TSNAs of sun—cured red tobacco Wanmao
No.3. Results showed that compared to low—nitrogen treatment, the total nitrogen content in medium-nitrogen and
high—nitrogen treatment was increased by 6.1% and 16.5%, respectively, the nicotine content was increased by 13.3% and
39.0%, respectively, the K' content was increased by 6.2% and 12.9%, respectively, the nitrate content was increased by
9.3% and 19.7%, respectively and the total sugar content was increased by 16.1% and 29.9%, respectively. Compared to
treatment with 14 leaves remained, the total sugar content in treatments with 16, 18 and 20 leaves remained was increased
by 9.4%, 28.4% and 31.6%, respectively, the K' content was increased by 10.2%, 12.8% and 20.6%, respectively, the
total nitrogen content was decreased by 4.5%, 9.5% and 12.4%, respectively, the nicotine content was decreased by 7.1%,
18.2% and 21.9%, respectively. Increase in nitrogen rates or reduction in numbers of leaves both resulted in significant
increase of TSNAs content. Interaction between nitrogen rates and numbers of leaves has a great influence on chemical
constituents and TSNAs content. The nitrogen rates had more significant impact on the nicotine, K, TSNAs, total alkaloid
and nitrate content while the numbers of leaves had more significant impact on the sugar content and nitrogen—nicotine

ratio. Comprehensive analysis by fuzzy indicated that tobacco leave’s chemical components are coordinate under nitrogen
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rates 225 kg/hm? and 16 leaves per tobacco plant.

Keywords: sun—cured red tobacco; nitrogen rates; numbers of leaves remained; chemical components; TSNAs
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Table 1 Chemical components of upper tobacco leaves treated with different nitrogen and different number of remained leaves
/ / / / / / /
(kg'hm™®) ! (mgg) (mgg') (mgg)) (mgg) (mgg') (mgg))
195 14 25.9d 22.1d 45.1cd 4.43¢ 25.1i 29.0c 0.49¢ 0.64b 5.67f
16 27.8bc 21.1e 43.9d 4.79a  28.0f 27.4de 0.48¢ 0.62b 5.84f
18 29.0b 24.0b 33.4f 4.60b  26.2h 24.8¢ 0.72b 0.74a 5.70f
20 33.9a 26.2a 32.7f 4.81a 32.5¢ 24.2¢g 0.80a 0.74a 6.76¢
225 14 21.3¢ 18.1g 46.9¢ 34%h 27.1g 29.7¢ 0.39f 0.63b 7.77¢
16 27.4c 20.1f 43.3d 3.92f  29.le 27.9d 0.46¢ 0.64b 7.42d
18 25.5d 23.4bc 37.3e 4.10e 30.6d 26.6de 0.63d 0.71a 7.46d
20 27.6bc 23.0cd 36.6e 4.51bc  33.7b 25.9f 0.66¢ 0.71a 7.47d
255 14 21.7f 14.61 56.5a 3.54h  28.8e 32.7a 0.27i 0.58¢c 8.35a
16 23.3e 15.2hi 51.2b 3.72¢g 31.1d 31.7b 0.30h 0.62b 8.36a
18 23.7e 16.0h 47.2¢ 4.22d  32.1c 29.9¢ 0.34¢g 0.63b 7.61cd
20 24.9d 19.5f 42.8d 4.51bc  36.1a 27.8d 0.46e 0.65b 8.01b
F( ) 14.25%* 36.42%* 59.43%* 103.33%*  46.64** 146.05%* 19.79%%  87.25%%* 110.32%*
F( ) 31.80%* 173.84%*  13.31%** 31.89%*%  3423*%  218.89** 117.65** 66.16%* 21.10%*
F( ) 7.84%* 14.38%* 24.67** 10.04** 7.82%% 4.79%* 6.23%%  628%* 33.32%*
(P 0.05) * (P 0.05) ok
(P 0.01)
2 AREIEREFEITEALIE R PEEM L ZER S
Table 2 Chemical components of middle tobacco leaves treated with different nitrogen and different number of remained leaves
/ / / / / / /
(kg'hm™®) [ (mgg') (mggh) (mgg') (mgg) (mgg') (mgg))
195 14 31.8¢ 24.6¢e 3L.1f 4.22¢ 24.3f 22.5ef 0.79¢ 0.72b 5.76f
16 36.2d 32.6¢ 29.0g 4.52b 28.6cd 21.3h 1.12¢ 0.73b 6.33e
18 44.7a 37.9a 26.1h 4.68a 29.2¢ 21.2h 1.45a 0.81a 6.24¢
20 40.5b 34.2b 25.5h 4.60ab 28.4d 20.2i 1.34b 0.79a 6.17¢
225 14 23.5h 16.0h 37.6d 3.6le 26.2¢ 23.7¢ 0.43f 0.63d 7.26d
16 23.6h 16.2h 34.0e 3.73d 28.8cd  22.9de 0.48f 0.67c 7.72¢
18 39.4bc 26.9d 31.6e 4.06d 30.1b 22.2¢ 0.81d 0.71b 7.41d
20 38.2¢c 26.6d 31.3ef 4.11c 30.5b 22.5ef 0.84d 0.71b 7.42d
255 14 21.8i 14.3i 49.2a 3.62¢ 28.4d 26.5a 0.29¢g 0.54g 7.85¢
16 21.51 18.0g 42.6b 3.63e 30.6b 24.7b 0.42f 0.58ef 8.43a
18 25.1g 18.3g 42.2b 3.92d 32.2a 23.8¢c 0.47f 0.56f 8.21b
20 27.0f 21.5f 39.2¢ 3.81d 31.6a 23.2cd 0.55f 0.59¢ 8.29ab
F( ) 14.82%* 67.05%* 71.12%*%  132.02%* 187.11%%  53.12%*  21.38%* 109.08**  136.35%*
F( ) 20.28%* 80.30%*%  49.64** 42.80** 65.03%*%  70.55%%  96.16** 90.69%*  20.45%*
F( ) 6.03%*%  29.33%% 22 .64** 36.63%* 14.61%* 5.25%*%  21.37%* 12.83%* 17.20%*
(P 0.05) * (P 0.05) o
(P 0.01)
22 HREMBHEREEIEIELIME TSNAS &
=1:0pA TSNAs
3 ¢ 3 TSNAs 117.7%  76.0% 14
178.56~904.69 ng/g TSNAs TSNAs 20 45.1%
TSNAs 48.3%
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Table 3 TSNAs of upper tobacco leaves treated with different nitrogen and different number of remained leaves

/ ; lnggh

(kg-hm™?) NNN NAT NAB NNK TSNASs
195 14 308.60f 47.39h 0.26fg 31.16j 387.41¢g
16 281.40gh 33.47 0.31ef 36.05i 351.23h

18 257.90i 39.86i 0.23g 41.08h 339.07h

20 144.10j 45.50h 0.34de 50.60g 240.63i

225 14 334.60¢ 83.97d 0.24g 54.85¢ 473.66¢
16 289.20g 68.41F 0.15h 58.49¢ 416.25¢

18 271.50h 53.55¢ 0.19h 65.35d 390.59¢

20 254.50i 49.32gh 0.40d 54.73f 358.95h

255 14 607.20a 176.65a 2.50a 118.34a 904.69a
16 475.50b 169.54b 1.32¢ 52.30g 698.66b

18 447.90¢ 140.98¢ 1.71b 79.06b 669.65¢

20 371.10d 79.36¢ 1.33¢ 75.65¢ 527.44d

F( ) 130.93%* 88.93%* 12.83%* 51.74%% 24.73%%
F( ) 10.01%+ 12.62%+ 19.33%* 8.33%x 6.54%*
FC ) 16.67+* 27.59%* 25.04%* 8.36%* 6.21%*

(P 0.05) o (P 0.05)
ok P 001
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Table 4 TSNAs of middle tobacco leaves treated with different nitrogen and different number of remained leaves

/(ng'g”
/(kg'hm™) / (e )

NNN NAT NAB NNK TSNAs

195 14 247.95¢g 42.42h 0.42cd 69.94¢ 360.73f

16 214.03i 53.77f 1.25b 70.14c 339.19¢g

18 175.15j 35.57i 0.18g 43.72g 254.62i

20 129.56k 22.23j 0.19g 26.58j 178.56j
225 14 312.62d 79.65b 0.23fg 72.64b 465.14cd

16 286.33e 58.97de 0.21fg 52.05¢ 397.45e

18 259.50f 61.59¢ 0.26f 48.68f 370.03f

20 230.46h 47.17¢g 0.34¢ 33.951 311.92h

255 14 411.82a 100.70a 1.65a 75.35a 589.52a

16 382.56b 60.62cd 0.44c 52.48e 496.10b
18 357.71c 56.81e 0.41cd 66.83d 481.76bc

20 358.72¢ 48.87g 0.37de 40.98h 448.94d
F( ) 85.88** 41.80%* 17.57** 46.88%* 37.24%*
F( ) 21.63*%* 37.47%* 10.65** 29.16%* 17.61%*
F( ) 11.90%** 14.78** 13.74** 9.53%* 7.46%*
(P 0.05) o (P 0.05)
ok (P 0.01)
2.3 HMREMBHHREEIEX TSNAs BIEYE 28.5~62.2 mg/g  453.99~
=1=0pA 840.08 pg/g

5 6 ¢ 3 7
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Table 5 TSNAs’ precursor of upper tobacco leaves treated with different nitrogen and different number of remained leaves

/ ) / / / / / /
(kg-hm?) (mggh (mggh (mgg™ (mggh (mggh (nggh
195 14 45.1cd 1.05de 0.24d 1.99fg 48.38¢ 649.47d
16 43.9d 0.72¢f 0.24d 2.07ef 46.93¢ 582.16f
18 33.4f 0.91e 031a 3.36a 37.98d 594.08ef
20 32.7f 0.72ef 0.30ab 2.36d 36.08d 532.37g
225 14 46.9¢ 1.45bc 0.25d 2.48cd 51.08bc 699.99b
16 43.3d 0.87ef 0.24d 2.29de 46.70¢ 597.58ef
18 37.3¢ 0.68f 0.25d 1.84g 40.07d 608.10e
20 36.6¢ 0.92¢ 0.25d 1.29h 39.06d 638.25d
255 14 56.5a 247a 0.29bc 2.94b 62.20a 840.08a
16 51.2b 1.24cd 0.29bc 2.68¢ 55.41b 675.41¢
18 47.2¢ 1.10cd 0.28¢ 2.63¢ 51.21bc 712.58b
20 42.8d 1.65b 03la 333a 48.09¢ 599.69¢f
F( ) 59.43%% 7.04% 3.01 19.28%+ 43.13%* 149.50%*
F( ) 15.86%+ 16.70%+ 4.12% 3.74% 10.29%* 27425
FC ) 18.44%+ 13.83%+ 2.13 15.94%% 22.08%* 14.42%
(P 0.05) * (P 0.05) =

P 0.01)
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Table 6 TSNAs’ precursor of middle tobacco leaves treated with different nitrogen and different number of remained leaves

/ ; / / / / / /
(kg-hm?) (mg'gh (mggh (mgg™ (mggh (mggh (nggh
195 14 3LIf 1.11ab 0.23¢ 2.35bc 34.79f 615.81d
16 29.0g 0.84cd 0.21de 1.96¢ 32.01g 556.21g
18 26.1h 0.75de 0.21de 1.92¢ 28.98gh 565.33g
20 25.5h 0.74de 0.20e 2.01de 28.45h 453.99h
225 14 37.6d 1.33a 0.24be 2.39b 41.56d 642.46¢
16 34.0¢ 0.65¢ 0.25ab 2.18cd 37.08¢ 582.86f
18 31.6e 0.76e 0.24be 2.19¢d 34.79f 601.09¢
20 30.3f 0.86bc 0.21de 1.92¢ 33.20f 602.49¢
255 14 49.2a 1.88bc 0.25ab 2.66a 53.99a 690.84a
16 42.6b 0.81cd 0.26a 2.65a 46.32b 645.96¢
18 42.2b 1.02be 0.25ab 2.53ab 46.00bc 659.29b
20 39.2¢ 0.85¢d 0.24bc 2.63a 42.92¢d 622.82d
F( ) 71.12%% 6.50* 3.19 16.69* 12.90%* 277.54%+
F( ) 23.43%* 30.53%* 3.83% 21.89%* 8.17%+ 189.99%*
FC ) 19.28%* 12.59%* 1.08 7.29%% 5.59%% 29.43%%
(P 0.05) o (P 0.05)
o P 0.01)
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Table 7 Score of tobacco leaves treated with different nitrogen and different number of remained leaves
/ /
(kg-hm?)

195 14 9.18 9.15 9.24 8.84 8.67 9.11 9.50 9.20 8.42 9.03
16 8.74 8.59 9.36 7.98 9.14 9.44 10.00 9.19 8.22 8.93
18 8.06 7.93 9.87 8.48 9.42 9.76 9.11 9.44 8.86 8.96
20 8.02 8.05 9.92 8.25 9.54 9.95 9.16 9.42 8.71 8.98

225 14 9.72 9.85 8.92 9.80 8.42 8.88 8.79 9.08 8.95 9.20
16 9.75 9.98 9.19 9.71 9.08 9.19 8.98 9.14 9.55 9.43
18 8.88 8.86 9.51 9.73 8.81 9.43 9.75 9.28 9.30 9.25
20 8.81 8.92 9.55 9.01 9.46 9.48 9.84 9.28 9.28 9.26

255 14 9.63 9.48 8.12 10.00 8.72 8.20 8.39 8.91 9.67 9.02
16 9.58 9.73 8.57 9.85 9.37 8.53 8.62 9.01 10.00 9.26
18 9.74 9.86 8.74 9.24 9.42 8.85 8.77 8.99 9.37 9.25
20 9.39 9.60 9.02 9.10 10.00 9.17 9.08 9.06 9.95 9.38

25 1B TSNAs S E55 M. HERE S BH1E NNN
ek NNK
NAT NAB
( 9 TSNAs
TSNAs
0.90 0.81 0.88 0.96
TSNAs
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Table 8 Correlation coefficient between TSNAs content and nicotine or nitrate content

TSNAs
NNN 0.89%* 0.78%* 0.31 0.44 0.87%%* 0.95%%*
NAT 0.81** 0.67* 0.20 0.36 0.79** 0.82%*
NAB 0.80** 0.84** 0.43 0.62* 0.83%* 0.73%*
NNK 0.63* 0.89%* 0.37 0.42 0.64* 0.64*
TSNAs 0.88%* 0.82%* 0.40 0.42 0.90%* 0.817%*
NNN 0.88%* 0.83%* 0.51 0.54 0.97%* 0.82%*
NAT 0.79%* 0.83%%* 0.53 0.47 0.82%* 0.83%*
NAB 0.53 0.72%* 0.08 0.15 0.53 0.39
NNK 0.58* 0.72%* 0.38 0.42 0.59% 0.68*
TSNAs 0.89** 0.73%x* 0.53 0.49 0.88%* 0.96**

ok P 0.05) coskkn (P 0.01)

16
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