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Effects of Planting Density and Nitrogen Application Rate on Neutral Aroma
Components and Smoking Quality in Upper Leaves of Flue-cured Tobacco

ZHANG Yujie, ZHAO Minggin®, HE Fan, LIU Pengfei, WANG Pengze, LAI Miao, LU Suping, SHI Gang?
(1. College of Tobacco Science, Henan Agricultural University, Zhengzhou 450002, China; 2. Wuhan Cigarette Factory, China
Tobacco Hubei Industrial Co., Ltd., Wuhan 430051, China)

Abstract: The effects of the interaction between planting density and nitrogen application rate on neutral aroma component contents
and smoking quality of upper leaves was studied with Yunyan 87 as the sample variety using a split-plot experiment design and the
data was ananlyzed using variance analysis, significance test, partial correlation and other methods. The results showed that both
planting density and nitrogen application rate had significantly positive correlation with neutral aroma component contents. The
interaction of planting density and nitrogen application rate had a greater influence on the enhancement of neutral aroma component
contents, especially in the following four treatment combinations including high density high nitrogen, high density medium nitrogen,
medium density high nitrogen and medium density medium nitrogen, all of which significantly improved the total aroma content of
the upper leaves. Partial correlation analysis showed that planting density showed a significantly negative correlation with smoking
quality. Low and medium planting density, in combination with both low nitrogen application rate and high nitrogen application rate
could promote smoking quality. Compared with the comprehensive assessment of different combinations of treatments, the results
indicated that the treatment combination of medium density, high nitrogen was the best and most appropriate combination in neutral
aroma component contents and smoking quality, the treatment combinations of low density high nitrogen, low density medium nitrogen,
high density high nitrogen and high density medium nitrogen were the next, and the treatment combination of high density low nitrogen
was the worst compared with the other treatments. Comparison between different treatment combinations revealed that the influence
on neutral aroma component contents and smoking quality was significantly different among interactions of different planting densities
and nitrogen application rates.
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130.00 m? 4
70% 5 1
1 1.3
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1.1 _
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(12] GC/MS
H 748
P NIST
11.45 g/kg 0.72 g/kg 55.00 mg/kg
15.01 mg/kg 160.00 mg/kg
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87 [m(N)
m(P205):m(K20)=10:10:20] 34%
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205 46% 2050% Excel ~ SPSS 20.0
40% 57.08
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70% 30% 21
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Table 1 Effects of different treatment interactions on chemical component contents in upper leaves of flue-cured tobacco
/% /% 1% 1% 1% /%
DINI1 21.33a 19.60a 3.09a 2.28a 1.77bc 1.70abc 6.36a 0.75a 1.04b 0.92a
DIN2 15.33bcd 14.15bcd 3.14a 2.50a 1.69bc 141c 4.57b 0.80a 1.21ab 0.92a
DIN3 12.72de 11.65de 3.37a 2.40a 1.57¢ 1.59abc 3.47bc 0.72a 0.99b 0.92a
D2N1 17.16bc 14.93bc 2.35b 2.26a 1.98ab 1.74ab 6.39a 0.95a 1.14b 0.87a
D2N2 17.63b 16.59b 2.97a 2.32a 1.74bc 1.42bc 5.60a 0.78a 1.24ab 0.94a
D2N3 11.71e 10.48¢ 3.32a 2.69a 1.64c 1.76a 3.16¢ 0.81a 0.93b 0.90a
D3N1 13.90cde 12.78cde 3.39a 2.6la 1.76bc 1.45abc 3.77bc 0.77a 1.22ab 0.92a
D3N2 13.82cde 13.10cde 3.26a 2.68a 2.18a 1.45abc 4.03bc 0.82a 1.55a 0.95a
D3N3 15.44bcd 14.64bcd 3.33a 2.50a 1.84bc 1.72abc 4.42b 0.76a 1.09b 0.95a
p
0.074 0.121 0.005 0.367 0.017 0.431 0.008 0.303 0.085 0.408
0.000 0.001 0.013 0.599 0.056 0.011 0.000 0.554 0.009 0.341
X 0.001 0.000 0.028 0.524 0.032 0.302 0.000 0.559 0.779 0.815
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Table 2  Effects of different treatment interactions on aroma component contents in upper leaves of flue-cured tobacco
DINI DIN2 DIN3 D2N1 D2N2 D2N3 D3NI1 D3N2 D3N3
0.690d 0.816¢ 0.935ab 0.737d 0.691d 0.906b 0.688d 0.976a 0.892b
0.376f 0.662d 0.714cd 0.528e 0.646de 0.832bc 0.693d 0.901b 1.146a
0.227d 0.248cd 0.290b 0.164f 0.245¢cd 0.286b 0.270bc 0.335a 0.345a
B- 17.872bc 16.656d 15.883¢ 20.179a 16.898d 18.397b 17.000d 18.479b 17.659¢
B- 5.811de 5.540ef 4.968g 5.256fg 6.315¢ 6.798b 5.473ef 6.072cd 7.449a
B- 0.523¢ 0.640cd 0.752a 0.619d 0.427¢g 0.435g 0.478f 0.670c 0.705b
4.014cd 4.150cd 4.914a 3.126f 4.406b 4.121cd 4.968a 3.935d 4.260bc
3.294c 2.850e 3.142cde 2.928de 4.002a 3.683b 3.921ab 2.874¢ 3.235¢d
1.283a 1.419a 1.439a 1.214a 1.532a 1.473a 1.399a 1.797a 1.820a
5.623e 6.442bc 6.305¢ 5.384e 6.650b 5.952d 6.199cd 7.550a 7.675a
3.194ef 3.735¢cd 4.936a 2.717g 3.388de 3.847¢c 2.938fg 4.049bc 4.260b
3- -p- 1.580b 1.482bc 1.643b 1.2901¢ 1.620b 1.449bc¢ 1.635b 1.911a 2.044a
4 7.756e 8.570d 8.063¢ 7.677¢ 9.365¢ 8.728d 8.651d 10.238b 11.895a
1.119¢ 1.299cde 1.887b 1.387cd 1.424c¢ 1.339cde 1.269cde 1.189de 2.098a
11.876a 12.175a 12.337a 11.171b 11.893a 12.032a 10.677¢ 10.516¢c 12.210a
65.236g 66.683f 68.208d 64.376¢g 69.502¢ 70.276¢ 66.259f 71.491b 77.691a
1.077de 1.131cd 2.725a 0.761e 1.461bc 1.747b 1.564b 2.632a 1.554b
7.312bc 7.668b 4.465d 4.635d 6.638¢c 7.663b 7.521b 10.034a 10.319a
3.601b 5.927a 5.669a 5.417a 5.435a 6.365a 5.49%4a 6.224a 4.473b
2.987¢ 3.208¢c 5.669a 1.503d 3.664c 3.481c 3.386¢ 5.003b 4.713b
14.976¢ 17.934cd 18.527cd 12.316f 17.199d 19.257¢ 17.966¢d 23.893a 21.060b
18.163¢ 18.166¢ 21.224a 14.964d 19.075b 18.019¢ 17.752¢ 21.078a 21.002a
0.481d 0.417¢ 0.514d 0.359f 0.339f 0.743b 0.826a 0.807a 0.683¢c
2- 0.220d 0.351c 0.376¢ 0.352¢ 0.471b 0.504b 0.525b 0.638a 0.651a
5- 1.550c 1.653¢ 1.959a 1.333d 1.714bc 1.671bc 1.504cd 2.005a 1.875ab
6- -5- 2- 1.185¢cd 1.233cd 1.277bcd 0.764¢ 1.578ab 1.285bcd 1.015de 1.396bc 1.738a
6- -5- 2- 1.799bc 2.151a 1.623¢ 1.610c 2.126a 2.174a 1.638¢ 2.024ab 2.103ab
3 4- 25 1.429¢ 1.404c¢ 2.932a 1.034d 1.472¢ 1.675bc 1.458¢ 1.643c¢ 1.979b
2- 0.064c 0.224b 0.563a 0.052¢ 0.031c 0.066¢ 0.058¢c 0.049¢ 0.066¢
24.892d 25.598¢cd 30.469a 20.467¢ 26.806b 26.135bc 24.775d 29.640a 30.097a
51.381bc 54.257b 48.192¢ 42.850d 47.636¢ 55.181b 65.566a 55.186b 65.899a
51.381bc 54.257b 48.192¢ 42.850d 47.636¢ 55.181b 65.566a 55.186b 65.899a
583.458¢  588.072¢ 584.327¢ 596.594cd  628.256¢ 677.394b  594.146cd  668.229b  760.520a
159.390f  167.448¢ 168.846de 142.323¢g 163.734ef  173.877cd 176.797¢ 183.476b  197.931a
742.848d  755.519cd  753.173cd  738.917d 791.990c 851.271b 770.943cd  851.705b  958.450a
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Table 3 Index statistics of different treatment interactions and significance test on smoking quality in upper
leaves of flue-cured tobacco
p
DINI1 DIN2 DIN3 D2N1 D2N2 D2N3 D3N1 D3N2 D3N3 X
5.0b 6.5a 6.5a 4.5b 4.5b 4.5b 4.5b 4.5b 4.5b
0.001  0.301 0.312
6.5ab 7.0a 7.0a 5.0c 4.5¢ 5.5bc 4.5¢ 5.0c 4.5¢
0.000 0.537 0.312
5.0a 6.5a 6.5a 6.5a 6.5a 6.5a 6.0a 6.5a 5.5a
0.496 0.397 0.447
6.5a 5.5ab 6.5a 4.5b 4.5b 5.5ab 4.5b 4.5b 4.5b
0.002 0.288 0.623
4.5¢ 6.5ab 6.5ab 7.0a 5.0bc 7.0a 5.0bc 5.5abc 6.5ab
0.369 0.053 0.046
7.5a 7.0ab 7.0ab 5.0bc 4.5¢ 4.5¢ 4.5¢ 4.5¢ 4.5¢
0.000 0.777 0.992
7.5a 7.5a 7.5a 5.5b 4.5b 5.0b 4.5b 4.5b 4.5b
0.000 0.764 0.892
4.5b 6.0ab 6.5a 6.5a 6.0ab 6.0ab 6.0ab 5.0ab 5.0ab
0.206 0.914 0.087
4.0c 6.0ab 6.5a 6.5a 4.0c 5.0bc 4.5¢ 5.0bc 6.0ab
0.589 0.056 0.001
51.0b 58.5a 60.5a 51.0b 44.0c 49.5b 44.0c 45.0¢c 45.5¢ 0.000 0.000 0.000
9
D2N2 D3Nl
24 4
4
5
Y =0.018*D+3.447*N+292.761 3

R*>=0.756
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Table 4 Partial Correlation analysis of aroma component
contents and smoking quality

0.772%* 0.849**
0.601%* 0.665**
0.236 0.750%**
0.592%* 0.207
0.742%* 0.717**
0.690** 0.688**
0.789%* 0.770**
-0.608%* 0.247
-0.794%* 0.197
0.000 0.139
-0.635%%* 0.162
-0.061 0.391%*
-0.706%* -0.124
-0.793%* -0.072
-0.132 0.067
-0.125 0.300
-0.840%* 0.383
* P=0.05 ** P=0.01
19500  /hm?
75 kg/hm*> 19 500  /hm? 60 kg/hm>
16500  /hm?
75 kg/hm> 16 500  /hm? 60 kg/hm> 13
500 /hm* 75 kg/hm?
[13-16]
[5,7,17]

[18-23]

[18-20]
[24]
[21-22]
[23]
4
16500  /hm? 75
kg/hm?
[1] M]
2003
2]
ISSR 1
2007 8 1 56-63
3]
1]
2012 33 5 36-41
[4]
]
2008 29 2 27-32
[5]
]
2013 2 32-36 61
[6]
]
2012 5 66-70
(7]
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! 2003 8  42- 4505-4509
45 [17]
[8]
MDA ] 7] 2010 6  187-191
2009 3 49-53 62 [18]
[9] [J]
! 2011 2 16-20
2011 1 54-61 [19]
[10] . M] 2003 ] 2009 30
[11] [M] 6 912
1990 50-66 [20] 3
[12] ] 2014
[7] 7 807-811 814
2014 35 5 98-102 [21]
[13] 7] 2011 32
[7] 5 14-19 23
2009 1 16-21 [22] . [D]
[14] 2007
] 2009 [23]
5 3842 ] 2007 3
[15] 9-15 22
[J] [24]
2011 5 43-47 [7]
[16] 2014 35 2 9499

N 2009 10



