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Abstract
of Zhaotong City, so as to provide a basis for scientific fertilization and reduced application of inorganic fertilizers with improved efficiency in tobacco production in

[ Objectives | This study was conducted to find out the most suitable special formula fertilizer for flue-cured tobacco production in tobacco-growing areas

Zhaotong City. [ Methods ] Different formulas of special base fertilizer and special topdressing for tobacco were designed by optimizing and adjusting the application
amounts and proportions of nitrogen, phosphorus, potassium and medium trace elements in fertilizer formulas, and the formulas of special base fertilizer and special
topdressing for flue-cured tobacco production were selected through a field plot experiment. [ Results] The combination of special base fertilizer and special top-
dressing was conducive to the early growth and rapid growth of tobacco plants under the condition of reduced fertilizer application, and the treatment using organic-
inorganic compound fertilizer as the special base fertilizer was the most obvious, with an average growth period of two days increased. Compared with conventional
fertilization , the yield, output value, average price, proportion of superior tobacco and proportion of medium and superior tobacco increased in the organic-inorganic
compound fertilizer treatment, with the yield increasing by 5.96% , the output value increasing by 17.08% , the average price increasing by 10.49% , the propor-
tion of superior tobacco increasing by 4.63% , and the proportion of medium and superior tobacco increasing by 2.44% . It was concluded from indexes including
growth period, agronomic traits, disease incidence and economic traits, the fertilization mode of organic-inorganic compound fertilizer with the addition of trace ele-
ments ( boron, magnesium and zinc) applied as the base fertilizer and nitrogen and potassium topdressing was most efficient and economic. [ Conclusions ] This
study provides a basis for scientific fertilization and reduced application of inorganic fertilizers with improved efficiency in tobacco production in Zhaotong City.
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Soil nutrient contents are important indicators to evaluate soil
fertility, and their abundance and supply intensity directly affect
the growth, yield and quality of tobacco'' ™). With the continuous
adjustment of agricultural industrial structure, agriculture in
Zhaoyang District is developing in a diversified way. In some are-
as, problems such as the lack of awareness among tobacco farmers
about farming and nurturing the land, extensive field manage-
ment, one-sided pursuit of yield by tobacco farmers and the long-
term use of large amounts of chemical fertilizers in tobacco fields
exist, which leads to a decrease in soil organic matter content and
pH value and a harsh growth environment for tobacco plant

473 The excessive growth of tobacco plants and the decline

roots
of tobacco yield and quality are severe challenges for the produc-
tion of flue-cured tobacco in Zhaoyang District. In addition, peo-
ple pay close attention to the problem of " smoking and health" ,
and the problem of tobacco production, quality and safety is be-
coming increasingly prominent.

He et al. ' reported that when the fertilization level of
Yunyan 87 in Dechang, Liangshan was medium, the agronomic

and economic characters performed better, and the medium fertili-
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zation level was more conducive to increasing farmers’ income and
saving costs. Li et al."” found that compound fertilizer could
obviously improve the internal and external quality of local tobacco
leaves, and significantly improve the yield and quality of local to-
bacco leaves, leading to the highest average price. Li et al. ™
found that the treatment of application of 50% inorganic nitrogen
compound fertilizer + 50% organic nitrogen organic fertilizer per-
formed well in agronomic characters, economic characters and in-
ternal chemical quality. The normal growth and development of
flue-cured tobacco and its yield and quality are not only deter-
mined by the application amount of nitrogen, phosphorus and po-
tassium fertilizers, but also closely related to the reasonable ratio

P17 Improving the nutri-

of nitrogen, phosphorus and potassium
tional status of flue-cured tobacco and providing balanced nutrition
for its growth are important measures to improve the quality of
flue-cured tobacco'’. Through the combination of environmental
science and modern agricultural technology, combined with the in-
vestigation results of nutrients in tobacco-growing soil of the base
unit in the early stage, according to the nutrient abundance and
deficiency of tobacco-growing soil in the producing area, the quan-
tities and proportions of nitrogen, phosphorus, potassium and me-
dium trace elements in the fertilizer formula have been optimized
and adjusted. The research on tobacco fertilizers focuses on the
effects of applying the same special fertilizer on tobacco-growing

[13-151 " while there are few

soil and the yield and quality of tobacco
studies conducted on the fertilization mode of special organic-inorganic
compound fertilizer for tobacco combined with nitrogen and potas-

sium topdressing and its effects on tobacco production, and even
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less on the special formula fertilizer for flue-cured tobacco in the
region. Therefore, a field plot experiment was conducted to study
the effects of different compound fertilizers special for tobacco
combined with special nitrogen and potassium topdressing on to-
bacco production, disease prevention and control, economic char-
acters, efc. , and to select an economical and efficient formula fer-
tilizer combination suitable for tobacco-growing areas in Zhaotong
City. The application of special formula fertilizer had the charac-
teristics of reasonable nutrient ratio, small fertilizing amount, re-
duced mutual inhibition between nutrients and reduced fertilization
cost, providing a basis for scientific fertilization and reduced ap-
plication of inorganic fertilizers with improved efficiency in tobacco

production in Zhaotong City.

Materials and Methods

Experimental materials

Experimental variety The seeds of Yunyan 87 mainly planted
locally were provided by Zhaotong Company, Yunnan Provincial
Tobacco Company.
Experimental fertilizers
(N-P,0,-K,0 = 11-15-22 ), potassium nitrate and potassium

Compound fertilizer special for tobacco

sulfate were supplied by Zhaotong Company of Yunnan Provincial
Tobacco Company. Compound fertilizer special for tobacco
(N-P,0,-K,0 =9-15-22) , special compound fertilizer for tobacco
(N-P,0,-K,0-b-mg-Zn =9-15-22-1-3-1) , organic-inorganic com-
pound fertilizer (N-P,0;-K,0-B-Mg-Zn = 6-9-15-1-3-1) and ni-
trogen and potassium topdressing ( N-P,05-K,0 =10-0-36) were
provided by Yunnan Microbial Fermentation Engineering Research
Center Co. , Ltd.
Methods
Experimental design

March to October, 2020 in a representative tobacco-growing area

The experiment was conducted from

in Buga Township, Zhaoyang District, Zhaotong City, Yunnan
Province. The plot experiment design was adopted and four treat-
ments were set up; T,, 11-15-22 compound fertilizer 750 kg/hm’
+ potassium nitrate 112.5 kg/hm” + potassium sulfate 225 kg/hm’,
T,, 9-15-22 compound fertilizer 750 kg/hm® + nitrogen and potas-
sium topdressing 300 kg/hm’, T,, 9-15-22 compound fertilizer
(containing boron, magnesium and zinc) 750 kg/hm’ + nitrogen
and potassium topdressing 300 kg/hm” | and T,, 6-9-15 organic-in-
organic compound fertilizer ( containing boron, magnesium and zinc )
1 200 kg/hm’ + nitrogen and potassium topdressing 300 kg/hm’. The
experiment was done in three replicates, each of which was one
plot, forming a total of 12 plots. Four rows were planted in each
plot, with a row spacing of 55 cm x 110 em, and 60 tobacco plants
were planted in each plot.
Determination methods  Soil nutrients: Before fertilization,
basic soil samples were taken from the experimental plots, and after
tobacco leaves were harvested and cured, one soil sample was taken
from each treatment, totaling five soil samples (2 kg per soil sample ).
Soil pH, organic matter, available nitrogen, available potassium,

available phosphorus and medium trace elements were determined.

Main growth stages: The transplanting date, resettling date,
vigorous growing date, flower budding date, topping date, matu-
ring date of foot leaf, maturing date of top leaf and the whole
growth period of each treatment were recorded.

Agronomic traits; After topping, five representative tobacco
plants were randomly selected from each plot. According to YC/T
142-2010 Investigating and measuring methods of agronomical character
of tobacco , various agronomic characters were observed or determined ,
including plant height, stem girth, leaf number, and maximum leaf
length and maximum leaf width of tobacco leaves in each part.

Occurrence of diseases; According to GB/T 23222-2008
Grade and inwestigation method of tobacco diseases and insect pests ,
common mosaic disease (TMV), potato virus Y (PVY), tomato
spotted wilt virus, black shank disease and tobacco etch virus were
investigated.
Economic character The economic characters such as yield,
output value, average price, proportion of superior tobacco and
proportion of medium and superior tobacco were investigated.
Data processing

The data were processed by SPSS.

Results and Analysis
Input of soil nutrients

As shown in Table 1, compared with T, (CK), the total nu-
trient input of T,, T, and T, decreased by 54.6, 54.6 and 39.6

kg/hm’, respectively, and the fertilizer reduction rates were

10.16% , 10.16% and 7.37% , respectively.

Table 1 Input of soil nutrients in various treatments kg/hm?

Input of soil nutrients

Treatment N P, 05 K,0 Total nutrient
T, (CK) 97.65 112.5 327.45 537.6
T, 97.50 112.5 273.00 483.0
T, 97.50 112.5 273.00 483.0
T, 102.00 108.0 288.00 498.0

Main growth periods

It can be seen from Table 2 that compared with T,, treat-
ments T,, T, and T, entered the resettling stage and vigorous stage
one day, one day and two days earlier, respectively. The com-
bined application of special base fertilizer and special topdressing
was beneficial to the early growth and rapid development of tobac-
co plants, and the treatment using organic-inorganic compound
fertilizer as the special base fertilizer was the most obvious. The
growth periods of various treatments were basically the same from
the budding stage to the end of harvesting and curing, indicating
that the adjustment of the original fertilization mode had little
effect on the growth period of flue-cured tobacco in the middle and
late stage in the field.
Agronomic characters

As shown in Table 3, there were no significant differences in
agronomic characters such as plant height, stem girth, and
number of effective leaves per plant among the treatments. The
plant height of treatment T, was 111.07 cm, the highest among all
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treatments, but there were no significant differences from other
treatments. The highest stem girth was 8. 69 c¢m in treatment T, ,
followed by treatment T, , and lowest in treatment T,. The number

Table 2 Main growth periods of tobacco plants with different treatments

of effective leaves per plant, as well as the length and width of up-
per, middle and lower leaves, was highest in treatment T,, fol-
lowed by treatment T, , and lowest in treatment T,.

Transplanting Resettling Vigorous growing  Flower budding . Maturing date Maturing date Growth
Treatment Topping date o . R X X
date date date date of foot leaf of top leaf period //d
T, Apr. 9 Jun. 24 Jun. 24 Jul. 12 Jul. 19 Jul. 28 Sept. 5 149
T, Apr. 9 Jun. 23 Jun. 23 Jul. 12 Jul. 19 Jul. 28 Sept. 5 149
T, Apr. 9 Jun. 23 Jun. 23 Jul. 12 Jul. 19 Jul. 28 Sept. 5 149
T, Apr. 9 Jun. 22 Jun. 22 Jul. 12 Jul. 19 Jul. 28 Sept. 5 149
Table 3 Agronomic characters of tobacco plants under different treatments
. Number of effective Lower part Middle part Upper part
Treatment Plant Stem |
reatmen eaves per
height // cm girth // cm P Length //em  Width //cm Length/cm  Width //cm Length // cm Width // cm
plant //leaves

T, 104.27 a 8.24 a 17.27 a 62.73 27.97 71.10 30.67 55.10 15.50
T, 103.73 a 8.22 a 17.00 a 62.52 27.53 69.00 32.40 54.71 15.27
T, 108.33 a 8.26 a 17.73 a 62.90 28.23 71.35 33.90 54.20 15.20
T, 111.07 a 8.69 a 18.60 a 67.62 30.47 79.80 33.20 64.93 17.27
Diseases differences from other treatments. Treatment T, showed lowest in-

As shown in Table 4, the experimental treatments mainly suf-
fered from common mosaic disease ( TMV ), potato virus Y
(PVY), tomato spotted wilt virus, black shank disease, and to-
bacco etch virus. The incidence and disease index of black shank
disease were consistent in various treatments. There were no sig-
nificant differences in the incidence of TMV among treatments,
and the incidence in treatment T, was higher. The incidence and
disease index of PVY was lowest in treatment T,, with significant

Table 4 Diseases of tobacco plants under different treatments

cidence and disease index of tomato spotted wilt virus, but there
were no significant differences among the treatments. The inci-
dence of tobacco etch was high in each treatment, so it was a typi-
cal disease in the experimental area. The incidence was highest in
treatment T, , which was significantly different from other treat-
ments. On the whole, the incidence of diseases in each treatment

was lower in T; and T, , and higher in T, and T,.

T™MV PVY Tomato spotted wilt virus Black shank Tobacco etch virus
Treatment Incidence // % D'lsease Incidence // % D'ISEEEISE Incidence // % D.lsease Incidence // % Dlsease Incidence // % D'lsease
index index index index index
T, 5.56 a 3.11 3.89 a 3.10 1.67 a 1.51 1.67 a 1.67 18.33 a 9.60
T, 4.44 a 3.56 3.89 a 3.25 1.67 a 1.67 1.67 a 1.67 14.44 b 8.25
T, 5.00 a 3.00 4.44 a 3.81 1.11 a 1.48 1.67 a 1.67 13.33 b 6.83
T, 4.89 a 2.77 1.67 b 1.51 2.22 a 1.51 1.67 a 1.51 14.44 b 8.89

Economic characters

It can be seen from Table 5 that the yield was highest in T, ,
followed by T, and the lowest value was observed in T,, and the
yields of treatments T, and T, were significantly different from
those of T, and T,. The highest output value was observed in treat-
ment T,, which showed significant differences from other treat-
ments. The average price, yield and output value exhibited similar
laws, with the highest value in treatment T, and the lowest value in
treatment T, , and there were significant differences between the

Table 5 Economic characters of tobacco plants under different treatments

two. The highest proportion of superior tobacco was found in treat-
ment T, , followed by T,, and the lowest was found in T,, and
there was a significant difference between treatments T, and T,.
The proportion of medium and superior tobacco was highest in T, ,
followed by T, and T, , and lowest in T, , with no significant differ-
ences among the treatments. Comprehensively from the economic
traits, it could be seen that the economic characters were highest
in T, among various treatments, followed by T, , and basically con-
sistent in T, and T,.

Proportion of superior Proportion of medium and

Treatment Yield // kg/hm? Output value // yuan/hm? Average price // yuan/kg tobacco /) % superior tobacco // %
T, 2184.0b 58 509.30 b 26.79 b 55.49 b 87.59 a
T, 2110.8 b 57 983.70 b 27.47 ab 57.00 ab 87.60 a
T, 2268.3 a 62 945.40 b 27.75 ab 57.54 ab 88.34 a
T, 2314.2 a 68 500.35 a 29.60 a 58.06 a 89.73 a
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Discussion

Related studies have shown that the mixed application of or-
ganic and inorganic fertilizers in a certain proportion can improve
soil fertility and structure, increase soil microbial quantity and pro-

mote the growth and development of tobacco, thereby improving
[16-18

the quality of tobacco leaves *. In this study, organic-inorgan-
ic compound fertilizer was compared with inorganic fertilizer with
the same nitrogen, phosphorus and potassium input. Under the
condition of basically the same nutrient input, the agronomic and
economic characters of tobacco leaves treated with organic-inorgan-
ic compound fertilizer were improved to varying degrees compared
with the conventional fertilization control. The organic-inorganic
compound fertilizer treatment in this study could reduce the inci-
dences of common mosaic disease ( TMV ), potato virus Y
(PVY), tomato spotted wilt virus, black shank disease, and to-
bacco etch virus to a certain extent, which is consistent with the
research results of Li et al. "’ and Luo et al. ™. Tt might be re-
lated to the increase of actinomycetes in the soil, which led to in-
creasing the disease resistance of tobacco plants.

The statistical results of nutrient input for various treatments
showed that compared with conventional fertilization, the total nu-
trient input of the special formula fertilization treatments was re-
duced by 39. 6 —54. 6 kg/hm’, and the fertilizer reduction rates
were in the range of 7.37% —10.16% . The results of field experi-
ment showed that under the condition of reduced fertilizer applica-
tion, the combination of special base fertilizer and special top-
dressing was beneficial for the early growth and rapid development
of tobacco plants, with the treatment using organic-inorganic com-
pound fertilizer as the special base fertilizer showing the most sig-
nificant performance. The application of organic-inorganic com-
pound fertilizers could also promote the growth and development of
tobacco plants in the middle and later stage in the field, and im-
prove the agronomic characters of tobacco after topping.

The results of a systematic investigation of common diseases
during the field growth period of tobacco showed that the addition
of boron, magnesium and zinc to the base fertilizer resulted in
slightly lighter disease occurrence. It indicated that the addition of
trace elements could improve the disease resistance of tobacco
plants and reduce the occurrence of diseases.

The statistical results of the economic characters of tobacco
showed that compared with local conventional fertilization, the
treatment of adding boron, magnesium and zinc to the base fertiliz-
er improved the yield, output value, average price, proportion of
superior tobacco and proportion of medium and superior tobacco.
Among them, the best performance was achieved with organic-inor-
ganic compound fertilizer as the base fertilizer.

According to the growth period, field performance, disease
incidence and economic traits of tobacco plants, the most efficient
and economical combination of special formula fertilizer for flue-
cured tobacco in Zhaoyang tobacco-growing area of Zhaotong was
organic-inorganic compound fertilizer ( N-P,0,-K,0 = 6-9-15,

boron 1% , magnesium 3% , zinc 1% ) applied as the base fertilizer

and nitrogen and potassium topdressing ( N-P,0,-K,0 =10-0-36).

Conclusions

The tobacco specific formula fertilizer reduced nutrient input,
and the combination of organic and inorganic fertilizers could pro-
mote early growth and rapid development of tobacco plants, accel-
erate the growth and development of tobacco plants in the middle
and later stage in the field, and improve the agronomic traits of to-
bacco plants in the field.

Adding trace elements such as boron, magnesium and zinc to
the base fertilizer special for tobacco could effectively reduce com-
mon tobacco diseases and improve resistance in tobacco plants.

The fertilization mode of organic-inorganic compound fertilizer
with the addition of trace elements as the base fertilizer and nitro-
gen and potassium topdressing achieved the highest economic ben-
efits for flue-cured tobacco in Zhaoyang tobacco-growing area in
Zhaotong City.
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production and management. In terms of " management" , it is rec-
ommended to strengthen the supervision of input products of Chi-
nese chives. The first is to strengthen the inspection of input prod-
uct production and operation. It is necessary to intensify inspec-
tions on Chinese chive pesticide production enterprises, business
units and online platforms, and strictly investigate and deal with
illegal production and business activities that occur to ensure the
quality and safety of Chinese chive input products. The second is
to strengthen the traceability management of restricted agrochemi-
cals in Chinese chives. For restricted agrochemicals in Chinese
chives, fixed-point management and real-name purchase of re-
stricted agrochemicals should be further implemented, and the
traceability management system of agrochemicals should be im-
proved to prevent prohibited input products from entering the cir-
culation link. The third is to strengthen inspections, spot checks
and inspections, especially during the peak application period of
agrochemicals in Chinese chives in winter and spring and the cen-
tralized marketing period in spring and autumn, and increase the
inspection intensity and sampling frequency for the use of banned
agrochemicals, the failure to implement safety intervals for con-
ventional pesticides and the expansion of dosage, so as to find hid-
den problems in time.
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