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Effects of nighttime temperature increase on physio-chemical properties, yield
and quality of flue-cured tobacco in high-altitude region of Yunnan Province
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Abstract This study used tobacco cultivars of “Yunyan 87 and ‘K326’ to analyze the effect of nighttime temperature increase on
physio-chemical properties, yield and quality of flue-cured tobacco in high altitude region of Yunnan Province. Through field
experiment, the study evaluated the effects of nighttime temperature rise on the physical characteristics, chemical composition,
micronutrients contents, economic characteristics, and sensory quality of tobacco. The study aimed to explore and improve the
physical and chemical properties as well as inherent quality of flue-cured tobacco by the adjustment of ecological factors

(temperature in this study). Based on the single factor randomized block design pot experiment, two temperature treatments were
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established. The first temperature treatment was to artificially keep warm at nighttime (18:00-6:00) under greenhouse condition.
During this treatment, average nighttime temperature in the greenhouse was maintained at 16.7 ‘C. The second temperature
treatment was to keep a natural temperature in the greenhouse for purpose of comparison. In this treatment, the average natural
temperature at night was 15.5 ‘C. The study showed that rising nighttime temperature broadened the upper leaves and lengthened the
lower leaves of ‘K326’ and “Yunyan 87°. It also significantly increased single leaf weight and equilibrium moisture content of the
upper leaves along with the single leaf weight of the middle leaves of ‘K326°. With the rise in nighttime temperature, leaf thickness
significantly decreased for the middle and upper leaves of ‘K326’ and the middle and lower leaves of ‘Yunyan 87°. Also leaf stem
content significantly decreased for all the leaves of ‘K326’ and the upper leaves of “‘Yunyan 87°. Compared with those under natural
nighttime temperature treatment, the contents of total sugar, reducing sugar and total nitrogen increased drastically in the middle and
upper leaves of ‘K326’ under increased nighttime temperature treatment. Also the contents of total nitrogen and potassium increased
in all the leaves of ‘Yunyan 87°. However, decreases in the contents of nicotine and potassium in the middle and upper leaves of
‘K326’ were noted. Also the decreases in the total nitrogen in the lower leaves of ‘K326°, in the contents of total sugar, reducing
sugar and nicotine in the upper leaves of ‘Yunyan 87°, in the content of nicotine in the middle leaves of ‘Yunyan 87°, and in the
contents of total sugar and reducing sugar in the lower leaves of “Yunyan 87’ were observed too. Under nighttime temperature
increase treatment, the contents of Zn and Cu significantly decreased while those of Fe and Mn increased in the upper and lower
leaves of ‘K326°, compared with those under the natural temperature treatment. Also the contents of Zn, Cu, Fe and Mn increased in
the upper leaves of ‘Yunyan 87°. Compared with the natural temperature treatment, nighttime temperature increase treatment
improved output, output value, average price and fine tobacco proportion of ‘K326’ respectively by 252.5 kg-hm 2, 7 290 Yuan-hm 2,
1.7 Yuan'kg " and 6.54%. Similarly, these variables of ‘Yunyan 87” increased respectively by 100.5 kg'hm 2, 5 315 Yuanhm 2, 2.1 Yuan'kg '
and 4.65%. Thus increasing nighttime temperature significantly improved the physical characteristics, chemical component,
production output and industrial value of flue-cured tobaccos in high altitude region of Yunnan Province.

Keywords Flue-cured tobacco; Nighttime temperature increase; Physio-chemical property; Chemical component; Trace
element; Economic characteristics; High altitude region of Yunnan Province
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Table 1 Effect of nighttime temperature increase on leaves physical properties of different tobacco varieties
Variety Level Treatment Leaf length Leaf width Weight Leaf thickness Stem Equilibrium mois- Opening film
(cm) (cm) per leaf (g) (mm) content (%)  ture content (%) degree
K326 B2F NIT 70.15£1.06a 19.05£1.95a 12.60+0.57a 0.35+0.51b 28.39+0.45b 11.19+0.11a 0.27
CK 64.65+0.76b 15.60+1.36b 9.60+0.77b 0.49+0.67a 29.71+0.22a 10.51+0.12b 0.23
C3F NIT 74.90+0.58a 20.70+0.86a  14.05+1.23a 0.34+0.12b 29.58+0.14b 11.73+£0.32a 0.28
CK 72.75+0.93a 19.45+1.26a  12.07+1.76b 0.40+0.23a 30.70+0.18a 11.18+0.15a 0.27
X2F NIT 57.35+1.26a 16.85+1.52a 5.60+£0.96a 0.34+0.56b 33.64+0.23b 9.71+0.43a 0.29
CK 54.00+1.45b 16.10+1.09a 5.00+1.06a 0.39+0.34b 38.54+0.21a 9.88+0.32a 0.30
87 B2F NIT 72.55€1.33a 19.70+£2.03a  13.40+1.22a 0.32+0.21a 24.74+0.33b 10.96+0.22a 0.27
Y“é‘;a“ CK 68.10£1.09b  18.60£1.76b 12.55+0.56a  0.34£0.28a  26.74+0.32a  10.51%0.11a 0.27
C3F NIT 75.00+£0.96a 21.40+1.13a  12.90+1.87a 0.3240.52b 26.51+0.15a 11.64+0.10a 0.29
CK 73.45+1.56a 20.55+1.82a  12.70+1.56a 0.35+0.43a 26.73+0.19a 11.25+0.08a 0.28
X2F NIT 65.75+1.44a 22.10+0.86a 7.80+0.88a 0.32+40.15b 28.96+0.21a 11.14+0.13a 0.34
CK 61.00+£1.07b 21.30+1.16a 6.75+1.39a 0.34+0.24a 29.67+0.18a 11.38+0.15a 0.30
NIT: ; CK: P<0.01 P<0.05

5

NIT is the treatment of nighttime temperature increase, CK is the control of natural nighttime temperature. For the same varieties of the same level,
different small and capital letters stand for significant difference in 0.05 and 0.01 levels, respectively, between two treatments. The same below.
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Table 2 Effect of nighttime temperature increase on leaves chemical properties of different tobacco varieties
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Total Reduced Total Lo . . Sugar/ Total nitrogen/ Potassium/

Variety Level Treatment sugar sugar nitrogen leoj:)me POt?DS/:)lum Ch(l;’r)lne nico?ine nico?ine ch101"ine
(%) (%) (%) ratio ratio ratio
K326 B2F NIT  26.48+1.26a 24.50+1.39a 2.19+0.77a 3.52+0.12b 1.94+0.23b 0.47+0.04a  6.96 0.62 4.13
CK 24.58+0.83b 22.09+1.86b 0.99+0.82b 4.27+0.09a 2.28+0.13a 0.50+0.02a  5.17 0.23 4.56

C3F NIT  30.70+2.11a 28.59+0.77a 1.83+0.51a 3.73£0.05b 1.96+0.16b 0.41+0.05a  7.66 0.49 3.84
CK 28.68+£0.96b 26.74+0.23b  1.20+0.32b 3.97+0.11a 2.12+0.09a 0.45+0.01a  6.74 0.30 4.71

X2F NIT 12.23+1.11a 10.88+1.89a 1.86+0.11a 2.79+0.14b 4.16+0.12a 0.93+0.10a  3.90 0.67 4.47
CK 11.64+0.73a  10.13+1.27a  0.95+0.14b 3.67+0.21a 4.30+0.08a 0.87+0.07a  2.76 0.26 4.94
87 B2F NIT  24.66+2.35b 23.87+0.55b 1.84+0.17a 3.98+0.08b 2.22+0.21a 0.43+0.02a  6.00 0.46 5.16
Yunyan 87 CK  29.09+1.96a 27.24+0.87a 1.06+£0.22b 4.26+0.06a 1.98+0.17b 0.53+0.0la  6.39 0.25 3.74
C3F NIT  29.60+0.24a 27.75+0.31a 1.54+0.28a 3.55+0.12b 2.14+0.13a 0.47+0.03a  7.82 0.43 4.55
CK 29.81+£0.86a 28.15+0.19a 1.00+0.32b 3.97+0.17a 1.86+0.08b 0.50+0.02a  7.09 0.25 3.72
X2F NIT  20.45+0.75b 18.74+0.65b 2.00+0.39a 2.89+0.16a 3.78+0.12a 0.87+0.05a  6.48 0.69 4.34
CK 25.32+1.37a 22.20+0.21a 1.48+0.24b 2.82+0.11a 3.00+0.07b 0.74+0.04a  7.87 0.52 4.05
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Table 3 Effect of nighttime temperature increase on leaves micronutrients contents of different tobacco varieties ~ mg-kg™’

Variety Level Treatment Cu Zn Fe Mn
K326 B2F NIT 16.0+0.13bA 28.140.21bB 192.0+0.332A 238.0+0.55aA
CK 20.0+0.08aA 35.5+0.18aA 168.0+1.12bB 160.0+0.37bB
C3F NIT 12.0+0.09bA 36.240.07bB 138.0+0.10bB 372.0+0.28aA
CK 16.0+0.05aA 45.5+0.10aA 182.0+0.09aA 346.0+1.03bB
X2F NIT 16.0+0.06bA 25.240.06bB 434.0+1.17aA 140.0+4.032A
CK 20.0+0.21aA 44.9+0.27aA 412.0+0.25bB 84.0+3.23bB
87 B2F NIT 20.0+0.32aA 35.040.11aA 200.0+0.08aA 170.0+3.05aA
Yunyan 87 CK 14.0+0.11bB 29.7+0.13bB 176.04+2.12bB 160.0+4.23bB
C3F NIT 18.0+0.09aA 64.3£0.28aA 286.0+3.23aA 268.0+2.08aA
CK 18.0+0.12aA 48.9+0.06bB 210.0+0.10bB 208.0+1.23bB
X2F NIT 18.0+0.33aA 30.8+0.14aA 320.04+2.04bB 132.0+1.28bB
CK 16.0+0.23bA 28.140.12bA 330.0+1.09aA 200.0+1.66aA
2.4 ¢ 87 ‘K326°
4 , ¢ 87
, 2.5
‘K326° 5 s , ¢ 87’
252.5kghm™ 7290 -hm?* 1.7 kg
6.54%; 87 100.5 kg'hm > 5 315 , s ‘K326°

hm? 2.1 kg! 4.65%; ‘K326
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Table 4 Effect of nighttime temperature increase on leaves economic characters of different tobacco varieties

Yield Output value Mean price Proportion of high Proportion of mid-high

Variety Treatment (kg~hm72) (Yuan-hmfz) (Yuan~kg’l) grade tob;a/cco leaves grade toboa/cco leaves
(%) (%)
K326 NIT 1390.50+£103.56a 29 265.00+205.34a 21.0a 32.84a 61.10b
CK 1 138.00+70.43b 21 975.00+187.09b 19.3b 26.30b 66.18a
87 NIT 1621.50+85.12a 35 595.00+177.08a 22.0a 29.45a 65.46b
Yunyan 87 CK 1 521.00+£73.06b 30 280.00+108.65b 19.9b 24.80b 70.55a
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Table 5 Effect of nighttime temperature increase on leaves smoking results of different tobacco varieties

87 Yunyan 87 K326
Index B2F C3F B2F C3F
NIT CK NIT CK NIT CK NIT CK
Enjoyment 7.0 6.0 6.0 6.0 6.5 6.0 7.0 7.0
Richness 7.0 6.5 6.0 6.0 6.5 6.0 7.0 7.0
Sending sexual 7.0 7.5 6.5 6.0 7.5 6.5 7.0 7.0
Aroma 7.0 7.0 6.0 5.5 7.0 6.0 7.0 7.0
Smooth 6.5 6.0 6.5 6.5 6.5 6.5 7.5 6.5
Sweetness 6.5 6.0 6.0 6.0 6.5 6.0 7.0 7.0
Continuity 7.0 7.0 6.0 5.0 7.0 6.5 6.5 7.0
Agglomeration 7.0 7.0 6.0 6.0 7.0 6.0 6.5 7.0
Gentle nature 6.5 6.0 6.0 6.5 6.0 6.0 6.5 6.5
Concentration 7.0 7.0 6.5 6.0 7.5 6.5 7.0 7.0
Mixed gas 6.5 6.0 6.0 6.0 6.0 6.0 6.5 7.0
Irritating 6.5 6.0 6.5 6.5 6.0 6.0 6.5 6.5
Aftertaste 6.5 6.5 6.5 6.5 6.5 6.0 6.5 6.5
Momentum 7.0 7.5 7.0 5.0 7.5 6.0 6.5 6.5
(eicept mg;j;fl;i‘“e 88.0 84.5 80.5 78.5 86.5 80.0 88.5 89.0
9 The full mark of every index is 9.
, 87’ , el
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