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Abstract

To investigate the effects of meteorological factors on the content of main aroma
precursor substances in high-aroma flue-cured tobacco varieties, using the flue-
cured tobacco variety “Yunyan 87 as a control, the contents of main aroma
precursor substances in the high-aroma flue-cured tobacco variety “Yuyan 11’
at five different locations were compared, and grey correlation analyses were
conducted between aroma precursor substances and meteorological factors for
the two varieties respectively. The research results indicated that the content
of main aroma precursor substances in “Yuyan 11” was significantly higher than
that of “Yunyan 87 at each location. The content of tobacco leaf carotenoids
in low-latitude areas was significantly lower than that in high-latitude areas;
the content of polyphenolic substances gradually increased with decreasing alti-
tude and increasing sunshine hours during the maturation period; the content
of leaf glandular trichome secretions was significantly higher in high-latitude ar-
eas than in low-latitude areas overall, with the highest content found in Lushi,
Henan. The carotenoid content in tobacco leaves of the two varieties was greatly
influenced by light and temperature factors such as sunshine hours during the
maturation period and average temperature during the vigorous growth period,
while the duration of sunshine hours during the field growth period had a sig-
nificant impact on the content of polyphenolic substances. The two varieties
showed substantial differences in the grey correlation trend between tobacco
leaf petroleum ether extract and glandular trichome secretion contents and cli-
matic factors; the petroleum ether extract content in “Yuyan 11° leaves was
greatly affected by sunshine hours during the tobacco growth period, whereas
that in  “Yunyan 87 was more influenced by average temperature. The glan-
dular trichome secretion content in “Yuyan 11’ leaves was greatly affected by
sunshine hours during the maturation period and average temperature during
the vigorous growth period, whereas that in “Yunyan 87 was more influenced
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by average temperature during the root extension period, evaporation during
the maturation period, and average temperature during the maturation period.
When selecting planting regions for the high-aroma flue-cured tobacco variety
“Yuyan 11’ | the effects of sunshine hours during the maturation period and
average temperature during the vigorous growth period on quality should be
fully considered.
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Abstract

To investigate the effects of meteorological factors on the main aroma precursor
contents in high-aroma flue-cured tobacco varieties, we compared the aroma
precursor contents of the high-aroma variety “Yuyan 11’ with those of the con-
ventional variety “Yunyan 87 at five different locations, and conducted grey
correlation analysis between aroma precursors and meteorological factors for
each variety. The results showed that the main aroma precursor contents of
“Yuyan 11’ were significantly higher than those of “Yunyan 87’ at every location.
Carotenoid contents in tobacco leaves were significantly lower in low-latitude
regions than in high-latitude regions. Polyphenol contents gradually increased
with decreasing altitude and increasing sunshine hours during the maturity stage.
Leaf trichome exudates were significantly higher in high-latitude regions over-
all, with the highest content observed in Lushi, Henan. Carotenoid contents in
both varieties were strongly influenced by light and temperature factors such
as sunshine hours during the maturity stage and average temperature during
the vigorous growth stage, while polyphenol contents were primarily affected by
sunshine duration during the field growth period. The grey correlation trends
between petroleum ether extract and trichome exudate contents and climatic
factors differed substantially between the two varieties. The petroleum ether
extract content of “Yuyan 11’ was more strongly influenced by sunshine hours
during the growth period, whereas that of “Yunyan 87 was more affected by
average temperature. The trichome exudate content of “Yuyan 11° was more
strongly influenced by sunshine hours during the maturity stage and average
temperature during the vigorous growth stage, while that of “Yunyan 87’ was
more affected by average temperature during the rooting stage, evaporation
during the maturity stage, and average temperature during the maturity stage.
When selecting planting areas for the high-aroma flue-cured tobacco variety
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“Yuyan 11’ , the effects of sunshine hours during the maturity stage and aver-
age temperature during the vigorous growth stage on quality should be fully
considered.

Keywords: Flue-cured tobacco; High-aroma variety; Meteorological factor;
Aroma precursor; Grey correlation

The content of tobacco aroma substances significantly influences the intrinsic
quality of tobacco leaves and determines their aroma characteristics. Most to-
bacco aroma compounds are secondary metabolites, and their synthesis and
accumulation are affected by ecological conditions, variety, and cultivation prac-
tices [1-4]. Variety is an intrinsic factor that determines tobacco leaf style and
quality; the expression patterns and levels of genes within a variety are influ-
enced by environmental conditions. During tobacco growth, ecological condi-
tions and cultivation measures greatly affect the expression of genes related to
carbon and nitrogen metabolism, ultimately influencing tobacco leaf chemical
composition and the content and ratio of major secondary metabolites, thereby
significantly impacting leaf quality. Extensive research has long been conducted
on the relationships between ecological environment [5-7], variety [8], cultiva-
tion measures [9], curing [10], and tobacco quality. Among ecological factors,
climatic factors have a substantial impact on tobacco quality [11-14], and nu-
merous studies have examined the relationship between climatic factors and
tobacco aroma substances, though most have been limited to the relationship
between a single climatic factor and aroma compounds in a specific region.

Henan Agricultural University has focused on tobacco leaf trichome secretions
as a breakthrough for breeding high-aroma varieties by increasing the content
of leaf surface aroma substances [15-17]. With the breeding objectives of high
quality, disease resistance, and strong aroma, they developed the high-aroma
flue-cured tobacco hybrid ‘Yuyan 11’ | characterized by abundant aroma and
high aroma substance content, though its high-aroma characteristics vary un-
der different ecological conditions. “Yunyan 87’ is currently the most widely
planted flue-cured tobacco variety in China’ s major tobacco-growing regions,
with broad adaptability and excellent leaf quality. Using “Yuyan 11’ and “Yun-
yan 87’ as materials, this study investigated differences in main aroma precursor
contents between the two varieties at five locations with different latitudes, lon-
gitudes, and altitudes, and analyzed the grey correlation between meteorological
conditions and aroma precursors to provide a basis for matching suitable vari-
eties, environments, and cultivation practices in the production of high-aroma
flue-cured tobacco ‘“Yuyan 11 .

1.1 Experimental Materials

The tested flue-cured tobacco varieties were “Yuyan 11° and ‘Yunyan 87" .
“Yuyan 11’is a high-aroma flue-cured tobacco hybrid bred by Henan Agricultural
University and approved by the National Tobacco Variety Approval Committee
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in 2013. “Yunyan 87 is currently the main flue-cured tobacco variety cultivated
in China’ s tobacco-growing regions.

1.2 Experimental Design

The experiment was conducted in 2011 at five tobacco-growing counties with
significantly different meteorological conditions. Altitude, latitude, and lon-
gitude of each experimental site were measured using a handheld GPS. Ge-
ographic information for each site was: Weining County, Bijie, Guizhou (al-
titude 2,119 m, 103°59 E, 26°45 N); Shibing County, Qiandongnan, Guizhou
(altitude 823 m, 108°09 E, 27°09 N); Lushi County, Sanmenxia, Henan (alti-
tude 799 m, 111°09 E, 34°09 N); Neixiang County, Nanyang, Henan (altitude
356 m, 111°94 E, 33°03 N); and Yuzhou City, Xuchang, Henan (altitude 140 m,
113°46 E, 34°20 N).

Soil types and fertility status were determined by sampling before transplanting.
Weining had silt loam soil with organic matter 14.18 g-kg !, alkali-hydrolyzable
nitrogen 118.95 mg - kg !, available phosphorus 45.65 mg - kg !, and available
potassium 244.44 mg - kg . Shibing had reddish-brown soil with organic matter
33.00 g+ kg !, alkali-hydrolyzable nitrogen 155.50 mg - kg !, available phosphorus
44.85 mg + kg 1, and available potassium 233.38 mg - kg !. Lushi had loess soil
with organic matter 25.43 g - kg !, alkali-hydrolyzable nitrogen 105.43 mg - kg !,
available phosphorus 34.56 mg - kg !, and available potassium 225.36 mg - kg *.
Neixiang had yellow-cinnamon soil with organic matter 15.58 g - kg !, alkali-
hydrolyzable nitrogen 158.51 mg-kg !, available phosphorus 35.86 mg-kg !, and
available potassium 158.66 mg * kg '. Yuzhou had cinnamon soil with organic
matter 20.80 g-kg!, alkali-hydrolyzable nitrogen 130.32 mg - kg !, available
phosphorus 27.43 mg - kg !, and available potassium 129.53 mg - kg .

A large-plot comparative design was used in the field, with each variety planted
on at least 667 m? at each site at a density of 16,530 plants - hm 2. Pure nitrogen
application was 90 kg + hm 2 with an N:P O :K O ratio of 1:1.5:3. All fertilizers
were inorganic (tobacco-specific compound fertilizer, calcium superphosphate,
and potassium sulfate), with calcium superphosphate and potassium sulfate
used to supplement phosphorus and potassium deficiencies. Seventy percent of
fertilizer was applied as base fertilizer and 30% as top dressing. After harvest
and curing using the three-stage curing process, representative plants were se-
lected after the rosette stage, and leaves 1-22 from bottom to top were tagged
(fewer leaves were tagged if the plant had fewer). Samples were taken 20 days af-
ter topping, with middle leaves (positions 13 and 14) selected for analysis. Some
samples were used to determine chlorophyll and leaf surface secretion contents,
while others were killed-green for determination of polyphenols, carotenoids, and
other compounds.
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1.3 Meteorological Data Collection

The selected meteorological factors included average temperature, relative hu-
midity, sunshine duration, rainfall, evaporation, and cloudiness. Ecological fac-
tor data were provided by meteorological bureaus of the counties (cities) where
the five experimental sites were located (see Table 1 ). The tobacco growth pe-
riod from transplanting to leaf maturity was divided into three developmental
stages at each site: rooting stage (recovery to rosette), vigorous growth stage
(rosette to budding), and maturity stage (budding to middle leaf maturity). The
statistical periods for meteorological elements during the rooting stage were late
April to mid-May for Shibing, mid-May to early June for Weining, Lushi, and
Yuzhou, and early to late May for Neixiang. For the vigorous growth stage, peri-
ods were late May to mid-June for Shibing, mid-June to early July for Weining
and Lushi, and early to late June for Neixiang and Yuzhou. For the middle
leaf maturity stage, periods were late June to mid-July for Shibing, mid-July
to early August for Weining and Lushi, and early to late July for Neixiang and
Yuzhou.

1.4 Measurement Methods

Chlorophyll and carotenoid contents were determined by spectrophotometry
after ethanol extraction [18]. Petroleum ether extracts were measured using the
residual method [8]. Extraction, concentration, and quantitative determination
of leaf surface secretions followed the methods of Han Jinfeng et al. [19] and Yang
Tiezhao et al. [15]. Specifically, 15 circular pieces (10 cm diameter) were cut
from the fresh tobacco leaves at symmetrical positions on both sides of the main
vein, at the leaf base, middle, and tip. These pieces were extracted three times
in 1,000 mL dichloromethane for 2 s each time, with 1 mL internal standard
(containing n-heptadecanol) added. The extract was filtered, concentrated using
a rotary evaporator, dried with a nitrogen blower, silylated, and then analyzed
by GC/MS with NIST library searching for qualitative identification [15].

1.5 Data Analysis

Main aroma precursor content results are presented as means of three replicates.
Data were organized using Microsoft Excel 2000 software. DPS software was
used for T-tests to analyze differences between varieties and ANOVA for dif-
ferences among locations, with Duncan’ s new multiple range test for multiple
comparisons at P<0.05 significance level. According to Deng Julong’ s grey sys-
tem theory [20], the 18 meteorological factors (six factors across three growth
stages) and main aroma precursor content indicators were treated as the same
grey system. Meteorological factors served as comparative sequences, while
aroma precursor contents served as reference sequences. Data were standard-
ized, and grey correlation analysis was performed with a resolution coefficient
of 0.5 using DPS software [21].
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2.1 Differences in Meteorological Factors Among Experimental Sites
During Tobacco Growth

The five experimental sites showed regular variation in meteorological factors
with altitude and latitude. Altitudes were Weining (2,119 m), Shibing (823 m),
Lushi (799 m), Neixiang (356 m), and Yuzhou (140 m). Longitude changed lit-
tle but increased slightly with decreasing altitude (from 103°59 E to 111°94 E).
Latitude was similar between Weining (26°45 N) and Shibing (27°09 N), and
among Lushi (34°09 N), Neixiang (33°03 N), and Yuzhou (34°20 N). As shown
in Table 1, average temperature and sunshine duration during the rooting, vig-
orous growth, and maturity stages increased with decreasing altitude and were
significantly lower at low-latitude sites than at high-latitude sites. Rainfall
and cloudiness decreased with decreasing altitude, while rainfall was higher at
low-latitude sites than at high-latitude sites. Average temperature during the
vigorous growth stage was below 24°C at Weining and Shibing but above 24°C at
Lushi, Neixiang, and Yuzhou. Average temperature during the maturity stage
was 17.63°C at Weining and above 26°C at the other four sites. Meteorological
factors at the five sites showed regular patterns of variation with altitude and
latitude.

Differences in main aroma precursor and trichome exudate contents between
the two varieties at different locations are shown in Table 2 . Plastid pigments
(chlorophyll and carotenoids) are major components affecting tobacco leaf qual-
ity and usability, determining not only the color of cured leaves but also con-
tributing degradation products closely related to aroma quality and quantity
[1]. Under the same cultivation conditions, 20 days after topping, chlorophyll
and carotenoid contents in middle leaves of “Yuyan 11’ at all five locations were
significantly higher than those of ‘Yunyan 87 .

Carotenoid contents in both varieties were significantly lower in low-latitude
regions (Weining, Shibing) than in high-latitude regions (Lushi, Neixiang,
Yuzhou). Polyphenol content is positively correlated with tobacco leaf quality.
Polyphenol contents in middle leaves of “Yuyan 11° were significantly higher
than those of “Yunyan 87 across all five locations, showing a consistent trend
of increasing with decreasing altitude and increasing sunshine hours during
the maturity stage. Petroleum ether extracts in tobacco contain volatile and
non-volatile essential oils, resins, aliphatic hydrocarbons, paraffins, and other
substances considered important sources of tobacco aroma, closely related to
leaf fragrance and harmony [1]. Except at the Shibing site, petroleum ether
extract contents of “Yuyan 11’ were significantly higher than those of “Yunyan
87 , with the highest content observed in Lushi, Henan.

The main components of tobacco leaf trichome secretions are cembranoid com-
pounds, which are important sources of tobacco aroma [17]. Under the same
cultivation conditions, 20 days after topping, GC/MS analysis of the main com-
ponents of trichome secretions from middle leaves showed that cembratriene-
diols accounted for over 95% of detected substances. Overall, contents were

chinarxiv.org/items/chinaxiv-201711.01108 Machine Translation


https://chinarxiv.org/items/chinaxiv-201711.01108

ChinaRxiv [$X]

higher in high-latitude regions than in low-latitude regions, with the highest
content in Lushi, Henan, possibly due to higher temperatures during the vig-
orous growth stage in high-latitude regions. Total trichome exudate content of
“Yuyan 11° was significantly higher than that of ‘Yunyan 87 , with greater
differences in high-latitude regions than in low-latitude regions. Particularly in
Lushi, the content in “Yuyan 11’ was 3.8 times that in “Yunyan 87" , consistent
with findings from Wang Dong et al. [22-23].

2.3.1 Grey Correlation Analysis Between Carotenoid Content and
Meteorological Factors at Different Growth Stages

The grey correlation trends between carotenoid contents and meteorological
factors were similar for ‘Yuyan 11° and ‘Yunyan 87 (Table 3 ). Based on
grey correlation magnitude, the main influencing factors were sunshine hours
during the maturity stage, average temperature during the vigorous growth
stage, sunshine hours during the rooting stage, evaporation during the maturity
stage, average temperature during the maturity stage, evaporation during the
vigorous growth stage, sunshine hours during the vigorous growth stage, and
average temperature during the rooting stage, all with correlation degrees above
0.71. Light and temperature factors were thus the main causes of carotenoid
content, differences among regions. Average temperature and sunshine duration
during the field growth period were significantly higher at high-latitude sites
than at low-latitude sites (Table 1), and carotenoid contents in both varieties
were correspondingly significantly higher at high-latitude sites.

2.3.2 Grey Correlation Analysis Between Polyphenol Content and
Meteorological Factors at Different Growth Stages

The grey correlation trends between polyphenol contents and meteorological
factors were consistent for both varieties (Table 3). Based on grey correlation
magnitude, the main influencing factors were sunshine hours during the vigor-
ous growth stage, sunshine hours during the rooting stage, evaporation during
the vigorous growth stage, evaporation during the rooting stage, sunshine hours
during the maturity stage, with correlation degrees above 0.52. Sunshine du-
ration during the field growth period was thus the main cause of polyphenol
content differences, consistent with the observed trend of increasing polyphe-
nol content with decreasing altitude and increasing sunshine hours during the
maturity stage.

2.3.3 Grey Correlation Analysis Between Petroleum Ether Extract
Content and Meteorological Factors at Different Growth Stages

The grey correlations between petroleum ether extract contents and meteoro-
logical factors differed substantially between the two varieties (Table 4 ). For
“Yuyan 11’ | the main meteorological factors influencing petroleum ether extract
content were, in order of correlation magnitude: evaporation during the rooting
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stage, sunshine hours during the rooting stage, sunshine hours during the vigor-
ous growth stage, evaporation during the vigorous growth stage, sunshine hours
during the maturity stage, average temperature during the vigorous growth
stage, and average temperature during the maturity stage. For ‘Yunyan 87" ,
the main climatic factors were: average temperature during the maturity stage,
average temperature during the rooting stage, average temperature during the
vigorous growth stage, evaporation during the maturity stage, sunshine hours
during the maturity stage, cloudiness during the maturity stage, sunshine hours
during the rooting stage, and sunshine hours during the vigorous growth stage.
Thus, petroleum ether extract content in “Yuyan 11’ was more strongly influ-
enced by sunshine hours during the growth period, whereas in “Yunyan 87 it
was more strongly influenced by average temperature.

2.3.4 Grey Correlation Analysis Between Trichome Exudate Content
and Meteorological Factors at Different Growth Stages

The grey correlations between trichome exudate contents and meteorological fac-
tors also differed substantially between varieties (Table 4). For “Yuyan 11’ | the
main climatic factors were, in order of correlation magnitude: sunshine hours
during the maturity stage, average temperature during the vigorous growth
stage, sunshine hours during the rooting stage, evaporation during the vigorous
growth stage, sunshine hours during the vigorous growth stage, average tem-
perature during the maturity stage, evaporation during the rooting stage, and
average temperature during the rooting stage. For “Yunyan 87’ | the main fac-
tors were: average temperature during the rooting stage, evaporation during the
maturity stage, average temperature during the maturity stage, sunshine hours
during the maturity stage, average temperature during the vigorous growth
stage, evaporation during the vigorous growth stage, sunshine hours during the
vigorous growth stage, and evaporation during the rooting stage. Thus, tri-
chome exudate content in “Yuyan 11’ was more strongly influenced by sunshine
hours during the maturity stage and average temperature during the vigorous
growth stage, whereas in “Yunyan 87 it was more strongly influenced by average
temperature during the rooting stage, evaporation during the maturity stage,
and average temperature during the maturity stage.

3 Conclusions and Discussion

This study investigated differences in main aroma precursor contents between
“Yuyan 117 and ‘Yunyan 87 at five locations with different altitudes. Mete-
orological factors during the tobacco growth period showed regular patterns
of variation with altitude and latitude. Carotenoid contents were significantly
lower in low-latitude regions than in high-latitude regions. Polyphenol contents
gradually increased with decreasing altitude and increasing sunshine hours dur-
ing the maturity stage. Trichome exudate contents were significantly higher in
high-latitude regions overall, with the highest content in Lushi, Henan. The
high-aroma variety “Yuyan 11’ had higher main aroma precursor contents than
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“Yunyan 87 under all meteorological conditions. These results demonstrate that
climatic factors are fundamental conditions for forming tobacco quality charac-
teristics and regional style, representing one of the external determinants of
leaf quality. In addition to the direct influence of genetic background on leaf
quality, variety factors also indirectly affect quality by influencing the expres-
sion patterns and levels of related genes under different ecological conditions
during growth and development [2], ultimately affecting tobacco leaf chemical
composition and the content and ratio of major secondary metabolites.

The grey correlation trends for carotenoid and polyphenol contents with climatic
factors were consistent between ‘Yuyan 11’ and ‘Yunyan 87’ , whereas those for
petroleum ether extract and trichome exudate contents differed substantially.
Carotenoid contents were strongly influenced by light and temperature factors
such as sunshine hours during the maturity stage and average temperature dur-
ing the vigorous growth stage, while polyphenol contents were primarily affected
by sunshine duration during the field growth period. Carotenoids are closely
related to light energy transfer in photosynthesis and are easily affected by com-
bined factors including light intensity, light quality, temperature, and moisture
[24-26]. Numerous studies have confirmed that polyphenol contents increase
with light intensity and duration [27]. Petroleum ether extracts and trichome
exudates are major leaf surface chemical substances and important sources of
tobacco aroma that directly affect leaf quality, with multiple influencing factors
[1]. This study found that petroleum ether extract content in ‘Yuyan 11" was
more strongly influenced by sunshine hours during the growth period, whereas
in ‘“Yunyan 87 it was more influenced by average temperature. Trichome ex-
udate content in  ‘Yuyan 11’ was more strongly influenced by sunshine hours
during the maturity stage and average temperature during the vigorous growth
stage, whereas in  “Yunyan 87 it was more influenced by average temperature
during the rooting stage, evaporation during the maturity stage, and average
temperature during the maturity stage. These results indicate that variety-
environment interactions substantially affect leaf surface chemical substances.
The higher trichome exudate content in ‘“Yuyan 11’ compared to “Yunyan
87 , particularly the 3.8-fold difference in Lushi, was confirmed by subsequent
studies to result from upregulated expression of the key cembratriene-diol syn-
thesis genes CYC-1 and CYP71D16 in  “Yuyan 11’ [23,28], with larger diurnal
temperature differences and higher light intensity promoting upregulation of
CYC-1 and CYP71D16, thereby enabling sufficient synthesis and accumulation
of cembratriene-diols [22].

The main aroma precursor contents of the high-aroma flue-cured tobacco variety
“Yuyan 11’ were significantly higher than those of the main cultivated variety
“Yunyan 87 under different meteorological conditions. The petroleum ether
extract content of “Yuyan 11’ was strongly influenced by sunshine hours during
the growth period, while its trichome exudate content was strongly influenced
by sunshine hours during the maturity stage and average temperature during
the vigorous growth stage. Therefore, when selecting planting areas for “Yuyan
11", the effects of these light and temperature factors on main aroma precursor

chinarxiv.org/items/chinaxiv-201711.01108 Machine Translation


https://chinarxiv.org/items/chinaxiv-201711.01108

contents and leaf quality should be fully considered.

References

[1] Shi H Z, Liu G S. Tobacco Flavor[M]. Beijing: China Agriculture Press, 1998
[2] Cheng C X, Lu X P, Xu Z C, et al. Effects of genotype and ecological factors
on content of aroma components of tobacco[J]. Chinese Agricultural Science
Bulletin, 2005, 21(11): 137-139

[3] Ding Y F, Li Y P, Zhang X Q, et al. Effects of genotype, environment and
their interaction on the content of aroma components in flue-cured tobaccolJ].
Acta Agriculturae Boreali-Occidentalis Sinica, 2012, 21(3): 97-102

[4] Zhang X Q, Wang X F, Yang T Z. Effect of nitrogen fertilization on basal
aroma components and related characters in different flue-cured tobaccol[J]. Chi-
nese Tobacco Science, 2013, 34(3): 36-41

[5] Yang T X, Wen J, Chen Y L, et al. Analysis of ecological factors and flue-
cured tobacco quality of Liangshan tobacco growing area[J]. Tobacco Science &
Technology, 2009(5): 52-56

[6] Xu Z C, Liu G S, Liu J H, et al. Analysis of ecological factors and quality of
flue-cured tobacco leaves in Tongshan tobacco-growing areas[J]. Acta Ecologica
Sinica, 2005, 25(7): 1748-1753

[7] Xu Z L. The relationship between ecological environment and aroma quality
of flue-cured tobacco in Yunnan Province[J]. Chinese Agricultural Science Bul-
letin, 2008, 24(8): 196-200

[8] Weeks W W, Sisson V A, Chaplin J F. Differences in aroma, chemistry,
solubilities, and smoking quality of cured flue-cured tobaccos with aglandular
and glandular trichomes[J]. Journal of Agricultural and Food Chemistry, 1992,
40(10): 1917-1920

[9] Ye X F, Zhang C H, Liu G S, et al. Effects of different combining application
of N, P, K fertilizers on chromoplast pigment and degraded products in flue-
cured tobacco leaves[J]. Acta Agriculturae Boreali-Sinica, 2011, 26(4): 178-183
[10] Wang A H, Wang S F, Teng C F, et al. Effects of different muscle-yellowing
temperature on aroma constituents and smoking qualities of tobacco leaves dur-
ing bulk curing[J]. Acta Agriculturae Boreali-Sinica, 2012, 27(S1): 116-121

[11] Dai M. Relationship between climate factors and chemical composition in
some tobacco leaf production areas in China[J]. Acta Tabacaria Sinica, 2000,
6(1): 27-34

[12]LiLY, XuY M, Wang S S. Advance in effects of climatic factors on aroma
components of flue-cured tobacco[J]. Chinese Tobacco Science, 2015, 36(1): 107-
113

[13] Yang J J, Shi H Z, Wang H L, et al. Relationship analysis of climate charac-
teristics and tobacco leaf quality and style in flue-cured tobacco planting regions
of Chinal[J]. Journal of Henan Agricultural University, 2015, 49(2): 158-165
[14] Huang A 'Y, Mu Z J, Jiang Z M, et al. Effects of soil-climate conditions,
tobacco varieties and their interaction and leaf grade on the contents of aroma
components of tobacco leaves[J]. Journal of Southwest University: Natural Sci-
ence Edition, 2015, 37(10): 22-29

chinarxiv.org/items/chinaxiv-201711.01108 Machine Translation


https://chinarxiv.org/items/chinaxiv-201711.01108

ChinaRxiv [$X]

[15] Yang T Z, Li W, Li Q K, et al. Analysis of the varying trends and correla-
tion of the density of glandular trichome and leaf surface exudate of flue-cured
tobacco[J]. Chinese Tobacco Science, 2005, 26(1): 43-46

[16] Wang X, Zhai Z G, Yang T Z, et al. Differences in aroma components among
flue-cured tobacco genotypes[J]. Chinese Tobacco Science, 2007, 28(6): 6-8

[17] Yin Q Y, Wang X, Yang T Z, et al. Studies on leaf cuticular extraction and
neutral aroma components in flue-cured tobacco genotypes and regions and its
relation to routine chemical components[J]. Acta Tabacaria Sinica, 2010, 16(3):
17-23

[18] Zhao S J, Liu H S, Dong X C. The Experimental Guide of Plant Physiol-
ogy[M]. Beijing: China Agriculture Press, 1998: 68-72

[19] Han J F, Wang G S, Yuan T, et al. Preliminary study on trichome exudate
of leaf surface of flue-cured tobacco[J]. Chinese Tobacco, 1995, 16(2): 10-13
[20] Deng J L. Review on Grey System[J]. World Science, 1983(7): 1-5

[21] Tang Q Y, Feng M G. Practical Statistical Analysis and DPS Data Process-
ing System[M)]. Beijing: Science Press, 2002: 614-622

[22] Wang D, Zhang X Q, Peng Y F, et al. Effects of temperature range and light
intensity on content of CBT-diols and expression of CYC-1 and CYP71D16 in
tobacco[J]. Acta Agriculturae Boreali-Sinica, 2014, 29(5): 150-155

[23] Wang D, Sun J Z, Peng Y F, et al. Metabolism differences of cembratrien-
diols in different tobacco cultivars[J]. Acta Tabacaria Sinica, 2014, 20(6): 63-69
[24] Liu D S, Liu G S, Jia F F, et al. Effects of light intensity on plastid pigment
and its degraded products in flue-cured tobacco[J]. Acta Agriculturae Boreali-
Sinica, 2013, 28(1): 234-238

[25] Zhao M Q, Wang F F, Zhang Z F, et al. Effect of different organic sub-
stance on chromoplast pigments and its degraded products in flue-cured tobacco
leaves[J]. Acta Agriculturae Boreali-Sinica, 2009, 24(6): 149-152

[26] Zhao J H, Zhao M Q, Han F G, et al. Effect of water-fertilizer coupling
on chromoplast pigment and its degraded products in flue-cured tobacco leaf[J].
Acta Agriculturae Boreali-Sinica, 2010, 25(2): 216-220

[27] Wen Y Q, Xu L F, Chen Z Y, et al. Relationship between climatic factors
and contents of petroleum ether extracts and polyphenol compounds in Yunnan
tobacco[J]. Journal of Hunan Agricultural University: Natural Sciences, 2002,
28(2): 103-105

[28] Wang D, Zhang X Q, Yang T Z, et al. Research progress on metabolic mech-
anism of cembranoid diterpenes and its regulation[J]. Acta Tabacaria Sinica,
2014, 20(3): 113-118

Note: Figure translations are in progress. See original paper for figures.

Source: ChinaXiv —Machine translation. Verify with original.

chinarxiv.org/items/chinaxiv-201711.01108 Machine Translation


https://chinarxiv.org/items/chinaxiv-201711.01108

	Postprint: Effects of Meteorological Factors on the Content of Major Aroma Precursors in High-Aroma Flue-Cured Tobacco Varieties
	Abstract
	Full Text
	Effects of Meteorological Factors on Aroma Precursor Contents in High-Aroma Flue-Cured Tobacco Varieties
	1.1 Experimental Materials
	1.2 Experimental Design
	1.3 Meteorological Data Collection
	1.4 Measurement Methods
	1.5 Data Analysis
	2.1 Differences in Meteorological Factors Among Experimental Sites During Tobacco Growth
	2.3.1 Grey Correlation Analysis Between Carotenoid Content and Meteorological Factors at Different Growth Stages
	2.3.2 Grey Correlation Analysis Between Polyphenol Content and Meteorological Factors at Different Growth Stages
	2.3.3 Grey Correlation Analysis Between Petroleum Ether Extract Content and Meteorological Factors at Different Growth Stages
	2.3.4 Grey Correlation Analysis Between Trichome Exudate Content and Meteorological Factors at Different Growth Stages
	3 Conclusions and Discussion

	References


