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Effects of Nitrogen Rates and Numbers of Leaves Remained on Yield, Quality
and Aroma Components of Sun-cured Red Tobacco

ZHENG Xin', SHI Hongzhi"*, YANG Xingyou?, YANG Jiguang?, LI Jingjing', WANG Jun', YANG Huijuan'
(1. Tobacco Cultivation Key Laboratory of Tobacco Industry, Tobacco Harm Reduction Center, Zhengzhou 450002, China; 2.
Dazhou Tobacco Company of Sichuan, Dazhou, Sichuan 635000, China)

Abstract: Wanmao 3, a major sun-cured tobacco cultivar in Wanyuan, Sichuan was experimented to explore the influence of
different nitrogen rates and numbers of leaves on the yield, and quality, and aroma components of sun-cured red tobacco. Tobacco
leaf samples from different growth periods and after curing were collected and analyzed. The results showed that with the increase of
nitrogen rates and numbers of leaves, the output and yield of Wanmao 3 increased, average price and fine or medium tobacco
increased first and then decreased. With the increase of nitrogen rates, the nicotine and K content increased significantly, the sugar
content decreased significantly, and the aroma component contents increased significantly. And plastid pigments, phenylalanine
conversion and solanone content increased significantly. This suggested that increased nitrogen rates at a reasonable level were
beneficial to aroma amount in tobacco. With increased numbers of leaves, the sugar and K content increased significantly, nicotine
and total nitrogen content decreased significantly. And the aroma components, neophytadiene and various of carotenoids decreased,
but the phenylalanine conversion and browning product contents increased significantly. Based on comprehensive analysis, with 15
kg/667 m? of nitrogen rates and 18 leaves, tobacco leaves both have higher yield and quality, and the sensory quality is the best.
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Table 1 Effect different nitrogen rates and numbers of leaves remained on the agronomic characters
T Janti Ni y Max leaf
ran§ planting trogen rage Numbers of leaves Height/cm Laimosphere/cm Pitch/cm
time/d (kg-667m™) .
Leaf length/cm Leaf width/cm
30 13 14.12b 20.75¢ 6.16b 2.28b 46.38b 24.50b
15 14.63a 22.38b 6.75a 2.49a 49.25a 27.15a
17 14.75a 24.75a 6.82a 2.56a 50.13a 27.63a
60 13 19.13b 44.13c 12.38b 3.36b 69.02b 30.70b
15 21.12a 52.88b 13.26a 3.65a 72.51a 34.13a
17 20.63a 56.50a 13.53a 3.76a 74.13a 34.88a
90 13 14 89.21f 12.50de 3.48¢g 72.17f 35.87d
16 94.60e 12.11ef 3.73ef 72.67f 34.50e
18 103.58d 12.05f 4.08bc 7291f 33.17f
20 106.80c 11.37¢g 3.93d 74.20ef 33.16f
15 14 94.80e 14.67ab 3.63f 76.70cd 36.33cd
16 102.63d 14.37ab 3.97d 76.13de 36.14cd
18 107.62¢ 12.67d 4.17ab 75.33de 36.10cd
20 114.67b 12.13ef 4.12b 73.06f 35.83cd
17 14 101.82d 15.27a 3.65f 82.33a 38.67a
16 108.01c 14.71ab 4.13b 79.50b 37.66ab
18 111.73b 13.27¢ 4.25a 79.01b 37.37ab
20 118.83a 12.53de 4.16ab 78.38bc 36.87bc
F(N) 72.01" 93.12" 45.74™ 161.54™ 57.02"
F(L) 196.21™ 148.32™ 95.72"" 443" 3.66"
F(N*L) 2.50 21.49" 12.46™ 7.66™ 6.38"
p 005 * p 0.05  ** p 0.0l

Note: Different lowercase letters in same column in the table show significant difference (p  0.05); * Indicate significant differences in the same column data;

** Indicate very significant differences in the same column data, the same below.
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Table 2  Effects of different nitrogen rates and numbers of leaves remained on the economic characters
Nitrogen rate/ Yield/ Output value/ /( kgh Rate of d
. 2 5 2 . 2 . ol ate of supper an
(kg-667m™) Numbers of leaves (kg 667m?) ( -667m>) Average price/(yuan-kg™') medium tobacco/%
14 184.2¢ 3076.1g 16.7bc 81.02bc
13 16 188.2d 3161.8¢ 16.8abc 81.22ab
18 193.4¢c 3326.5¢ 17.2ab 81.43ab
20 198.2bc 3270.3d 16.5¢d 79.86¢d
14 189.2d 3235.3e 17.1ab 81.44ab
15 16 194.5¢ 3326.0c 17.1ab 81.76ab
18 198.4b 3432.3ab 17.3a 82.64a
20 206.7ab 3443.6ab 16.5¢cd 80.62bc
14 205.5ab 3267.5d 15.9ef 78.24¢
17 16 211.7a 3387.2bc 16.0def 78.29cd
18 216.6a 3487.2a 16.1def 79.01cd
20 219.3a 3440.0ab 15.7f 78.21e
F(N) 71.55™ 100.94™ 34.48™ 43.34™
F(L) 157.45™ 219.91™ 10.59™ 2.65
F(N*L) 9.32™ 34.59™ 1.45 0.28
2.3
3 cc 3

17 kg/667 m?

24

3
Table 3  Effects of different nitrogen rates and numbers of leaves remained on the chemical composition

Nitrogen rate/ Numbers of Total sugar/ Reducing Nicotine/ Cl/_l IU_I 'Total Sugar-nicotineNitrogen-nicotinePotassium-chlorine
(kg-667m?)  leaves (mg-gh) sugar{l (mg-gh) (mg'g") (mg'g”) mtrogeTl/ ratio ratio ratio
(mg-g") (mg-g")
13 14 25.9d 21.1e 43.6d 3.4%h 25.1h 29.0c 0.48¢ 0.67cd 6.50f
16 27.2¢ 22.1d 39.9d 3.72¢g 24.7h 27.4de 0.55d 0.69bc 6.11g
18 29.0b 24.0b 33.9f 3.40h 28.0f 24.4g 0.71b 0.72a 6.98de
20 33.9a 26.2a 32.7f 4.51cd 32.5¢ 24.2g 0.80a 0.74a 6.76ef
15 14 23.3e 18.1g 46.9¢ 3.54h 27.1g 29.7¢ 0.39f 0.63¢ 7.77ab
16 25.5d 20.1f 38.3d 3.92f 29.1e 27.9d 0.52d 0.73a 7.42¢
18 27.4¢c 23.1cd 36.8¢ 4.51cd 30.6d 27.0de 0.63¢ 0.73a 7.26¢d
20 27.6bc 23.4bc 36.6¢ 4.22¢ 33.7b 25.9f 0.64¢ 0.71ab 7.47¢
17 14 21.7f 14.6i 56.5a 4.43d 28.8¢ 32.7a 0.26h 0.58f 7.09d
16 23.3e 15.2hi 51.2b 5.09a 31.1d 31.7b 0.30g 0.62¢ 7.53bc
18 24.3d 17.6g 47.2¢ 4.60c 32.1c 29.9¢ 0.37f 0.63¢ 7.25¢d
20 24.9d 19.5f 42.8d 4.81b 36.l1a 27.8d 0.46¢ 0.65de 8.00a
F(N) 11.80™ 36.42™ 59.43™ 63.37 82.34™ 146.05™ 19.79™ 240.40™ 86.517"
F(L) 34.25™ 173.84™ 13317 47.26™ 24.23™ 218.89™ 117.65™ 83.64™ 37.84™

F(N*L) 5.84" 14.38" 24.67 9.12™ 9.73™ 479" 6.23" 10.55™ 22.59"
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Table 4 Effects of different nitrogen rates and numbers of leaves remained on the aroma components
Aroma material 13 kg/667m? 15 kg/667m? 17 kg/667m?
14 16 18 20 14 16 18 20 14 16 18 20

6- -5- -2- 6-Methyl-5-hepten-2-one 2.54 191 1.06 3.59 228 140 199 271 287 193 277 226
6- -5- -2- 6-Methyl-5-hepten-2-hol 1.24 091 0.44 0.67 083 1.04 061 051 049 0.62 1.01 053
Guaiacol 0.68 1.26 0.73 0.86 0.97 037 1.04 095 083 093 172 0.84
Linalool 451 4.05 2.37 4.04 394 285 432 365 397 333 446 451
B- B-damascenone 9.25  9.07 8.26 8.07 10.56 10.19 9.10 8.11 1396 1142 923 9.27
B- B- damascenone 8.99 6.70 7.53 3.03 878 7.07 6.62 257 773 633 502 274
Isophorone 1.66  1.28 1.49 1.12 1.51 1.36 1.32 097 1.43 1.27 1.03 0.89
Isophorone oxide 0.57 036 0.44 0.33 046 038 034 027 040 033 028 030
Geranyl acetone 922 513 4.89 5.16 6.71 586 488 358 443 406 196 290
dihydroactinidiolide 14.03 3.97 3.23 4.57 394 404 3.07 397 496 3.84 497 3.56
1Megastigmatrienone-1 1.16  0.90 0.75 0.61 1.58 134 090 083 215 177 121 096
2Megastigmatrienone-2 422 391 3.06 2.99 6.19 441 407 402 690 505 428 417
3Megastigmatrienone-3 2.17  1.63 1.57 1.28 259 243 215 143 353 286 230 1.89
3- -B- 3-hydroxy-f-damascenone 746  1.27 5.67 4.8 10.73 984 9.16 528 13.16 10.89 9.89 641
4Megastigmatrienone-4 6.85 533 491 4.24 731 586 497 437 897 638 6.13 555
Snailvetiverketone 3.82  2.02 2.54 2.27 241 1.99 1.85 204 260 1125 145 3.11

. . 21.57 1631 2087 9.24 2370 2343 20.69 13.57 36.33 2327 20.11 1897
(5E,9E)-6,10,14-TriMethylpentadeca-5,9,13-trien-2-one

. . 99.94b 71.99f 73.81f 56.87h 94.49c 83.86d 77.08¢ 58.83h 114.71a95.53 77.82¢ 68.86g
Total various of carotenoids

Average N1-N3 74.65¢ 78.57b 89.23a
L1-L4 103.04a83.79b 7491c 61.52d
Benzaldehyde 1.56  1.58 2.14 3.08 .13 130 179 231 081 134 186 2.06
Phenylacetaldehyde 1.69  2.60 3.32 3.84 253 488 655 676 358 575 571 961
Benzalcohol 3.64 891 8.77 12.81 748 8.0l 890 1046 4.09 449 988 10.15
Phenethyl alcohol 785 1733 1023 1422  11.31 1349 1372 1692 17.51 9.63 26.12 9.79
Total phenylalanine 14.74k 30.42¢ 24.46h 33.95c 22.45i 29.46f 29.18¢ 36.45b 25.99g 21.21j 43.57a 31.61d
Average N1-N3 25.89b 29.39a 30.60a
L1-L4 21.06c 26.43b 32.99a 34.00a
Furfural 1083 1559 1624 19.63 10.11 11.08 16.19 17.60 8.19 9.70 12.02 12.60
Furfuralcohol 1.17  2.38 2.99 5.64 1.62 192 222 504 155 247 415 4.17
2- 2-Acetylfuran 047  0.12 0.28 0.39 038 030 0.18 036 046 033 036 0.15
3,4- -2,5-
549 144 1.99 2.78 203 322 268 335 346 093 276 193
3,4-Isopropyl-2,5-furandione
5- -2- 5-Methyl-2-furfural .11 2.24 2.64 432 1.02 187 224 371 063 097 124 1.80
2,6- 2,6-octadienal 035 0.30 0.41 0.67 041 022 072 028 047 026 035 0.14
Safranal 031 0.14 0.21 0.15 0.11 024 022 0.14 013 0.14 028 0.09
B- B-Cyclocitral 040 033 0.31 0.36 026 035 033 027 025 052 066 003
Total browning product 20.13f 22.54d 25.07c 33.94a 15.94h 19.20g 24.78c 30.75b 15.14i 15.32i 21.82e 20.9lef
Average N1-N3 25.42a 22.67b 18.30c
L1-L4 17.07d 19.02¢ 23.89b 28.53a
Solanone 42.17h 58.40g 70.65¢ 87.12¢ 56.55g 69.06e 77.14d 88.39¢ 58.30g 65.58f 104.5b 112.6a
Average N1-N3 64.56c 72.79b 85.25a
L1-L4 52.34d 64.35c 84.10b 96.04a
Neophytadiene 427.82¢323.74h 312.52h 272.93i 511.84b436.92¢429.76¢347.312595.22a473.21¢456.27d368.66f
Average N1-N3 334.23c431.43a 473.34b
L1-L4 511.63a411.32b 399.55¢ 329.63d
Total aroma 604.82e507.14g 506.52g 484.83h 701.24b638.52d637.96d561.71f 809.32a670.81¢703.97b602.66¢
Average N1-N3 525.83¢634.86b 696.69a
L1-L4 705.13a605.49b 616.15b 549.73¢
p 0.05

Note: Different lowercase letters in same column in the table show significant difference (p  0.05).
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Table 5 Effects of different nitrogen rates and numbers of leaves remained on the aroma components
Project Various of carotenoids Phenylalanine Browning product Solanone Neophytadiene Total
F(N) 4.84% 24.41%* 23.21%* 31.97** 16.83%* 41.69%*
F(L) 16.36%* 18.29%* 103.46%* 134.07** 25.80%* 54.36%*
F(N*L) 5.04%* 7.76%* 17.33%* 29.66%* 5.57%* 19.28**

6
Table 6 Effects of different nitrogen rates and numbers of leaves remained on the sensory quality

Nitrogen rate/
g Numbers of leaves

Style Aroma quality Aroma amount Concentration Miscellaneous Momentum Irritation Aftertaste Combustion Total score

(kg-667m) ©) ©) ©) ©) ©) ©) ©) ©) ©) (81)
13 14 4.5 55 7.2 6.1 6.0 75 5.1 6.1 8.3 56.3
16 5.0 55 7.2 6.0 6.0 73 52 6.3 8.0 56.5

18 5.0 57 7.0 6.0 6.4 7.1 53 6.2 8.0 56.7

20 45 57 6.8 5.8 6.4 7.0 53 6.2 8.2 55.9

15 14 5.0 55 7.6 6.2 5.8 7.8 5.0 6.2 8.0 57.1
16 53 5.6 7.5 6.0 6.0 7.6 5.0 6.5 8.0 57.5

18 5.5 5.6 7.3 6.0 6.0 73 5.2 6.5 8.1 57.5

20 5.1 5.6 7.0 6.0 6.2 7.2 52 6.2 8.2 56.7

17 14 5.0 52 7.7 6.4 5.8 8.0 45 6.1 8.2 56.9
16 52 52 7.6 6.2 5.8 7.7 4.6 6.1 8.0 56.4

18 53 54 74 6.0 6.0 7.5 4.6 6.2 8.0 56.4

20 5.0 54 7.1 6.0 6.0 73 5.0 6.3 84 56.5
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